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PREFACE. 


THE contents of the following pages have already 
appeared in the columns of Hngineering. The pur- 
pose of this ‘‘ replica” is to present the revised results, 
and tables, in a more accessible form than they could 


attain scattered in a desultory manner through suc- 


cessive numbers of a periodical. 


The subject, in its present form, was suggested by 
the discussion, at the Institution of Civil Engineers, 
following Mr. Barlow’s paper on the Clifton Sus- 
pension Bridge; when the absence of any simple gene- 
ralization of the question was evidenced. Prior to 
that time, however, the consideration of ‘‘Long-span 
Railway Bridges” devolved upon the author in the 
course of his professional duties, and some valuable 
data had accumulated. On proceeding with the in- 
vestigation, it was at once seen that a strictly mathe- 
matical treatment of the subject would entail lengthy 
and involved formule, and absorb far greater space 
than was available for the purpose; indeed, the works 
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of Gaudard and Schwedler, treating on the same 
subject, but within very narrow limits, plainly illus- 
trated this fact. Accordingly, the various hypotheses, — 
which it is absolutely necessary to make in an inquiry 
of this nature, are framed as comprehensively as 
possible; and in many instances the result of a care- 
ful balancing of probabilities is given without ex- 
hibiting the process by which it has been evolved. 
In short, elimination, and not elaboration, has been 


the aim throughout. 
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LONG-SPAN RAILWAY BRIDGES. 


AccoRDING to Dr. Johnson, a bridge is ‘‘a structure 
to carry a road across a watercourse;” and although 
this interpretation of the word is not sufficiently 
comprehensive to include all cases in the present 
progressed stage of the art of building, yet, if we 
limit its application to dong spans alone, we may even 
render it still more explicit, and with very little 
liability to error define a long-span bridge to be a 
structure for carrying a razlway across a watercourse. 
The reasons why this is the case are sufficiently obvi- 
ous; in the first place, the condition necessitating the 
adoption of a long span is generally either that a 
certain width of opening must be provided clear of 
all obstructions, or that the expense of carrying up a 
number of lofty piers is, owing to some difficulty in 
obtaining secure foundations, so great as to render it 
more economical to reduce the number of individual 
supports, and so concentrate the resulting greater 
load on fewer points. Neither of these conditions is 
likely to occur, except when a watercourse is the ob- 
stacle to be surmounted, when, probably, a navigable 
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channel of certain width has to be maintained, with 
sufficient headway to admit of the free passage of 
vessels. If in any case it should be desirable for the 
span to be greater than the minimum amount dictated 
by the compliance with these conditions, it could only 
be when the depth and rapidity of the current, or the 
treacherous nature of the bottom, rendered it desira- 
ble to reduce the risk of construction to a minimum. 
As steep gradients are now worked with ease and 
economy, it is not at all probable that any other case 
—such as that of carrying a line across a ravine—will 
ever occur in which it would be economical to intro- + 
duce longer spans than 300 ft.; and it is only spans 
above that amount we designate long spans in the 
present paper. Again, it is highly improbable that 
any long-span bridge should be other than a railway 
bridge, because the great expense involved in the 
construction must be justified by necessity; in other 
words, by the probability of such large traffic as a 
railway alone could accommodate. Even when we 
have thus limited the question to railway bridges — 
crossing a watercourse, where a given span and 
height have to be maintained, we have by no means 
obtained all the conditions enabling us to pronounce 
upon the proper type of construction to be adopted. 
Thus, if the banks of a river are lofty, and afford a 
firm foundation for the superstructure with little or 
no piers, an arch or suspension-bridge may possibly 
be the most economical construction, although the 
resulting span may be greater than absolutely re- 
quired; and if the banks are nearly level with the 
stream, it may or it may not be advisable to make 
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the adjacent spans of greater length and weight than 
would ordinarily be required, in order to enable them 
to contribute more effectively to the support of the 
larger centre span. In short, it is plain that the de- 
termination of the most economical construction for 
a bridge of given span is a problem admitting of no 
definite solution. We may, however, facilitate the 
process much, and obtain valuable positive results, if 
we confine our attention at first to the comparative 
weights of iron required in the different methods of 
constructing the superstructure, which, after all, is by 
far the most important element in determining the 
cost of a long-span bridge. | 

The size of a bridge is very commonly the popular 
standard by which the eminence of its engineer is mea- 
sured; we may, therefore, naturally expect to find 
engineers ambitious of excelling one another in this 
particular branch of their profession, but for the same 
reason, as so much consideration must necessarily at 
one time and another have been devoted to the eluci- 
dation of the subject, a student of engineering may 
justly be surprised to find so little definite information 
_ eXisting as to the capabilities of all possible combi- 
nations of design to do the required work effectively 
and economically. Yet the number of patents taken 
out by professional and other quacks indicates clearly 
_ the want of appreciation of the fact that the problem 
is one admitting of a rigid theoretical solution, and 
that the limit beyond which the quantity of metal 
required in theactual construction exceeds the amount 
theoretically required, will be a factor of the latter 
quantity, the value of which may be approximated 
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to very nearly, if we avail ourselves of the stock of - 


information afforded by existing though similar struc- 
tures. 

Although, as we urge, it is possible to approximate 
very nearly to a true result in every case, a consider- 
ahle amount of intricate calculation and considerable 
space would be required to treat the subject exhaus- 
tively. Yet a great deal may be done with little 
labor if we base our investigations on the simplest 
and broadest principles, avoiding all complications 
and neglecting altogether minute details. If we pro- 
ceed thus, we may, by making, so to speak, a cartoon 
of the different systems, exhibit in bold outline the 
respective advantages and disadvantages appertaining 
to each. This will be our aim in the present paper. 
We shall investigate on the above broad principles 
the weights of different types of girders, including all 
probable combinations, from the minimum span of 
300 ft. to the limiting span, beyond which it would 
be impossible to construct a bridge of the class capable 


of carrying more than its own weight without ex- 
ceeding the given limiting strain per square inch. 


We shall carry out similar investigations both for 
iron and steel, and so conduct them, that by arranging 
the results graphically in the form of a diagram we 
may obtain a comprehensive view of the properties 


of the different designs and the nature of the laws_ 


governing the increase of weight, and consequent 


relative cost of the different constructions in the two 


materials. 
The general principles on which we shall proceed are 
identical with those already advanced by the author 


owes 
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in a paper on “The Proper Depth of Girders” (Hn- 
gineering, vol. 11. p. 224). We shall, where we con- 
sider it advisable, sacrifice mathematical exactness of 
formule to simplicity, and generally allow a very 
free interpretation of theoretical deductions; the nu- 
merical results will be worked out with the slide rule, 
and, in short, the process throughout will be consistent 
with our professed object of exhibiting a cartoon-like 
view of the subject under consideration. 

In the paper alluded to, we observed that the maxi- 
mum strain on each flange of a girder of uniform 
depth is, by the simple principles of leverage, equal to 
the distributed load multiplied by the span, and divi- 
ded by eight times the depth, the strain being greatest 
at the centre, and less elsewhere in proportion to the 
ordinates of a parabola; and as this strain on the 
flange could only have been transmitted through the 
web, a little consideration will make it evident that 
for a distributed load, whatever the resultant strain 
may be, the total amount on the half web, resolved 
horizontally, must be equal to the maximum strain on 
the flange, or, in other words, the horizontal sectional 
area of a plate web should be equal to double the 
sectional area of the flange at the centre. Fora lattice 
web the gross sectional area of all the bars should be 
greater than this in the same ratio as the length of a 
bar exceeds the horizontal distance included between 
its two ends, which for the most economical angle of 
45° for the bars amounts toW/9 times the section re- 


quired in a plate web, and the mass will consequently 
be /2x yv2= double that of the plate web. Hx- 


Q* 
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pressed algebraically, S being the span, and d the 
depth in feet, a the sectional area of each flange, x 
and y coefficients depending upon the practical con- 
struction of the flange and web respectively; the mass 
of the plate girder will be=2a (Sx+vyd), and that of 
the lattice girder will be=2a (Sx+2yd). 

With the plate web, we found the variable ratio of 
d to Sto be governed, chiefly, by the minimum thick- 
ness of plate allowed in the construction of the web, 
which we considered should increase with additional 
loads per foot on the girder. With the lattice girder, 
we considered that, whilst the weight of the flange 
would in all cases be inversely proportional to the 
depth, that of the web, beyond certain limits, would — 
increase directly as the depth; that is, although theo- 
retically constant, there would be some limit beyond 
which the additional strength required in the struts: 
as columns would necessitate a greater quantity of 
metal than the shorter struts with the heavier direct 
compression. This limit we have in all instances con- 
sidered to be reached when the weight of the web 
becomes equal to that of the flanges. That is, since 
the mass of the flanges, 2Sa, increases inversely, and 
that of the web, 4yd, increases directly as the depth, 
the minimum value of the whole mass 2Sa+44yd, will _ 
occur where 2Sa=4yd. The effect of this in the dif- 
ferent constructions will be controlled and adjusted 
for each case by the variable values of the coefficients 
x and y. « 

In order to arrive at the weight of iron required 
in the construction of a girder capable of carrying a 
given load with a-given maximum strain per square 
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inch,. we shall find it convenient to invert somewhat 
the ordinary method. ‘Thus, instead of starting with 
the load and determining the strain on that data, we 
shall deduce the former element from the latter. 
‘Taking 1 square inch area of flange as the section 
resisting the maximum horizontal strain on that mem- 
ber, the mass of the lattice girder will be 2(Sa+2yd); 
and from that we can easily determine the moment 
and the strain on the flange due to the load of the 
girder itself, which would obviously be the same 
amount per unit of area, whatever the gross section 
of the flange might be. We have given, the limiting 
strain per square inch due to the entire load=T, the 
strain per square inch due to the weight of the girder 
itself=¢, and, consequently, we have also T'—zZ, the 
strain available for the useful load carried. Again, 
it follows that—moment of weight of girder: moment 
of useful load :: ¢: T—d¢; and that, if the weight of 
the girder be uniformly distributed in the same man- 
ner as the remaining load, we have—weight of girder: 
useful load :: ¢ : T'—t.. Or, in other words, the weight 
of iron required in the construction of a girder to 


carry a given load will be the multiple 7 of that 


load. 

By adopting the above method, we have much faci- 
litated the solution of the problems before us, as we 
can now proceed with our investigations without com- 
plicating the question by the introduction of the 
varying loads, to which we are in each individual 
case liable. 

The types of construction to one or the other of 
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which we consider all forms of bridges, not absolut 
eccentricities, may be referred, and to which, cons 
quently, we have confined our investigations, are the 
following :— 
1. Box-plate gliders including tubular bridgeas 
2. Lattice do. do. Warren truss, &e 
3.. Bowstring do. do. Saltash type. 
4, Straight links and boom. Bollman truss. 
5. Cantilever lattice parallel depth. : 
6. Do. do. varying economic depth. — 
7. Continuous do. do. do. 
8.. Arched ribs with braced spandrils. 
9. Suspension with lattice stiffening girders. 
10. Suspended girders. 
11. Straight link suspension. 


The comparative weights of the above constructions, 
both in iron and steel, will be investigated; but we 
shall first complete the necessary calculations for ob- 
taining the weight of each of them in iron before w 
introduce the more novel material steel. 

Commencing with the most unfavorable type 
long-span railway bridges which it will be necessar 
for us to investigate—the box girder with pla 
webs—we might, without any preliminary calculation, 
and with a very little amount of consideration, forete 
the uneconomical results which must necessarily - 
low the distribution of metal in such an unsuita 
form. Thus, the economical depth will be much les 
and consequently the ao area of flange a 


other type of sees ite the sone of meé 
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required to prevent the buckling of the deep thin 
plates would be nearly sufficient to form the struts of 
a lattice girder; therefore, the effective duty of such 
a web will be little more than the resistance it offers 
to tensional strains. But these strains may be more 
economically disposed of by means of lattice bars than 
by a solid plate ; for, in the first case, the section may 
always be made proportional to the strain on the in- 
dividual bar, whereas in the latter instance a certain 
minimum thickness of plate must be carried through- 
out, thus involving a waste of metal throughout nearly 
the entire length of the girder. Now the mass of a 
plate girder for each square inch sectional area of 
flange at centre we have found to be equal to 2(Sa+ yd). 
Taking the weight of a bar of iron 1 ft. long and 1 in. 
square at .03 cwt., the above mass multiplied by .03 
will give the weight of the girder in cwts. for each 
square inch section of flange. But the weight multi- 
plied by 4 span will give the moment #: 


Again, the strain, ¢,in cwts. per square inch resulting 


from the weight of the girder itself will be : ; hence, 


since St=Syd when d is the most economical depth, 
we have: 
O15 Sx" 


t= — 


Now, the influence of the weight of the web is the 
most important element in determining the proper 
depth for a girder, because whilst all the disturbing 
influences affecting the flanges also affect the web, 
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there is, in addition, another element introduced, 
namely, the limiting thickness below which the plates 
may not be reduced; this is never taken at less than 
1 in., and in situations not easily accessible for the 
purpose of painting this thickness should be increased 
to 8-in.; again, when the load per foot is large, a 
thicker plate is usually employed. Now, the effec- 
tive horizontal section of a web of uniform thickness, 
taking, as in the case of the flanges, a reduced strain 
to compensate for the loss of section through the 
rivet-holes, will, since the strain increases uniformly 
from the centre to the ends, and the span, S, being in 
feet, be equal to 12 Sx}x} thickness=3 S x thick- 


ness; consequently, as the least thickness of plate is 3 _ oe 


in., the least effective horizontal section of any web 
will be 3S; and there can be but a small reduction 
in the weight of a web of uniform thickness, whatever 
the lightness of the load. 

As far as the web is concerned, there would ob- 
viously be a practical advantage in making the depth 
of a girder small in proportion to the span and load. 
Thus, in shallow girders heavily loaded the eTOss 
average thickness varies from twice the net for short 
to two and a.half times for long spans; but as the 
small depth is a disadvantage to the flanges, the de- 
termination of the depth at which the joint weights 
of the flanges and web would be a minimum is the pro- 
blem to be solved. Now, W being the distributed load, — - 
the other notation remaining as before, the sectional — 
area (a) at the centre of the flange, in square inches, 
WS 


will be a= 
Sa) 


which amount will also represent 
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the actual horizontal section required in the half web; 
but we have seen that in practice this latter area is 
never less than #5; consequently, the value of a for 
the web must never be taken at less than that amount. 

As we know the mass, and consequently the weight, 
of a girder to be proportioned to a (Sx+y,d), it is 
only necessary now to ascertain to what extent the 
limiting value of a for the web will affect the question. 

Now, taking a web of uniform thickness, and 
adopting the highest value of y, and the lowest of x, 
it is obvious that if the mass of the flanges exceed that 
of the web, the depth must necessarily be too small, 
since an increased depth would similarly affect the 
weight of the web directly, and the flange inversely ; 
thus, assuming the mass of the flange to be that of the 
web as 6: 4, the sum being 10, then, if the depth 
were increased 3, the mass of the web would be 


5; and that of the flange? ai 
being 9.8. Again, taking the highest value of x and 
the lowest of y,, we can arrive in the same manner 
at the maximum depth. Ifthe web be not of uniform 
thickness, it is even more apparent that an excess in 
the mass of the flanges over that of the web indicates 
deficient depth, since increased depth would involve 
a proportionally less increase in the weight of the 
web. We have, therefore, avS=a,y,d, and we know 
that a, can never be less than ? S, and never be more 


than a Now, supposing that the thickness of the 


=4.8, the sum 


web might be reduced indefinitely, then, in order for 
the mass of the flange to be equal to that of the web, 
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Cd 


the span must obviously be to the depth as y,: 7; th 1s, 
theoretically, the flange and web will be of similar 
weights when the depth equals 2 of the span. Al- 
though we cannot reduce the thickness of the we 

below a certain amount, the variations in the value 
of y, are too small to affect materially the economy 
of using as thin a web as possible. Taking a web ] 
in. thick, therefore, we have awS= }Sy,d, and a= 


therefore, WSz=6d*Ty,, and d’?= ha: 


6Ty, 


certain amount, the limits of which must of necessit Yo 
be determined somewhat arbitrarily; this will, ho 
ever, only affect the value of the constant (6). : 

Now, taking a useful load of 35 cwts. per foot to 
carried by each girder, which will be a sufficient ap 
proximation to the truth for our present purpose, we 
have: : 


T—t : | 
Again, taking ! in. bare as the minimum thickness 

of plate allowable in the construction of a box gird 
300 ft. span, and 4 in. full as that necessary for a 
similar girder 600 ft. span, we obtain for the 300 
span the value of the constant (c)=10; and for tl 
600 ft. span, c=26. Generally, we may put c= 8.54 
W ae 
10S 
of « and y to be respectively v=.93, and y=5.4 
short spans, increasing in a certain ratio with the spa 


From existing structures we deduce the val 
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on account of the extra amount of bracing required ; 
say, y'=0.4+.002 S. , 

We have, therefore, the strain in cwts. per square 
on the flange of a box girder due to its own weight : 


O15 Sx 
t== Git 
when w=.98, and y'=0.4+.00258. 
WSa SOEs W 
d= : cna! W= d = 3.) sw 
T cy!’ goto. ° ti08 


Substituting and reducing, we obtain, when T'=80 
ewts. per square inch: 


t= A] 1622+ : = 
2640 S?+5' 
23,700,000" 
Applying this formula to the given spans, we ob- 
tain the results shown in the following Table :— 


n 
2 


when n= 


Strain in cwts. 


Span in feet. per sq. in. Economic depth. 
300 37 4 span 
400 48 
500 58 
600 68 
700 igi 
800 85 4 span 


As we have now before us the strains per square 
inch on the girders resulting from their own weights, 
we can, by the methods already shown, at once obtain 

: 
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the weight of iron required to carry a given load a 


will be expressed in terms of that load by 7 


en 


values of which for the different spans are shov 
below: | 


Span in feet. Multiple. 
300 x $4 = 86 
400 x  . 1.5 
500 x gs = 2.6 
600 x §§ = 5.6 
700 x om = 25.6 
800 en 


We shall defer for the present any consideration of 
the probable load to which the above spans are liabl 
in railway bridges, and necessarily also, of the actua 
weight of iron required in each instance. It will be 
found more convenient to treat our type girders co! 
lectively, with reference to the load; we shall, there- 
fore, first advance them all as far as the preceaay 
stage. ae 
In the course of our present investigations, we sha 
constantly find instances where theoretical advantag 
in form is overruled, and more than neutralized, 
some practical disadvantage incidental to the e 
struction of the girder. The type we have alr 
considered is a case in point. Theoretically the pl 
web girder requires less metal than any other for 
and next to it in economy ranks the lattice girder w 
bars at the angle of 45°. Now, in practice we fin 
these conditions to be precisely reversed, the plate 
ranking lowest, whilst, as we shall. hereafter s 
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the lattice girder is superior to that type alone in the 
scale of economy. | 

The practical advantage of the lattice girder over 
the plate is due to the greater depth which may eco- 
nomically be employed in the former system, and not 
to the smaller quantity of metal required in girders 
of equal depth in both instances. The want of a 
correct appreciation of this fact, or the way in which 
it is commonly ignored, is evidenced but too forcibly 
in the massive stunted lattice girders so prevalent on 
Knglish railways; and it is no just cause for surprise 
that girders of such proportions should not compete 
successfully on the score of economy with the spider- 
like trussing of American lattice bridges. 

Although the stiffness of a lattice girder is less than 
that of a box girder of similar depth, the stiffness of 
the type lattice girder will be greater than that of 
the type box girder, on account of the greater depth 
obtained in the former construction. 

Adopting a similar mode of procedure to that al- 
ready exhibited in the instance of the box girder, we 
have for 


Type 2.—Lattice Girder. 


Mass of girder for each square inch section of flange 
at centre proportional to 2 (Sx+2 yd); which, multi- 
plied by 3 span and by .03 ewt., will give the moment: © 


But = strain per square inch, and since Sx=2yd, 
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the economic depth will be d= oe By substituti 


we have, therefore, the strain in ewts. per square int 

due to the weight of the girder itself: 
: t=.03 Sy. 

Availing ourselves, as before, of the data afford 

- by existing girders, we have =.98, and y=2. - 0 


S; hence 
t= .081 S+.00008 8S’. | 
me appears also that the economic depth diminisl 
from <=, the span at 300 ft., to -;, the span at 8 
thus showing the operation of a different law to the 
exhibited in the instance of the box girder. ae 
The following Table shows the strain in ew 
square inch, resulting from the weight of the gir 
itself in each instance :— : 


Strain in ewts. Economic 

Span. per sq. in. depth. 
300 27 a 

6.5 
400 37.2 
500 48 d= ae 

; ¥ 
600 | 69.4 
700 71.4 
800 84 | spam 
7.5% : 


Since the weights of the girder itself and of it 
are similarly distributed, the amount of the f 


of the latter. 


weight will be the multiple 7 


results for the several spans are given below: — 
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Span. Multiple. 

300 24 a 5i 

400 we <= Rov 
42:8 

500 4s iis 1.5 

600 59.4 i 2.88 
20-6 

700 a Me = 8.3 

8.6 


Type 38.—Bowstring Girders. 


The bowstring girder consists of an arched rib car- 
rying the load, and a tie, instead of the usual abut- 
ments, resisting the thrust of the arch, and preventing 
the tendency to spread at the feet. If the line pass- 
ing through the centre of gravity of all the cross 
sections of the arched rib corresponds in position with 
the curve of equilibrium due to the distribution of 
the load, the only connection necessary between the 
arch and the tie will be such vertical ties as may be 
required to transmit the weight of the tie and its 
insistent loadto the arched rib. But, as the condition 
of stability of the arched rib requires that the curve 
of equilibrium of the load, as transmitted to it, should 
correspond in form with the arch itself, it follows that, 
if the distribution of the load be different to that 
required, the mere insertion of vertical ties capable 
of transmitting the load in direct lines only will not 
be sufficient. It will obviously be necessary to supply 
diagonal members capable of transmitting the load to 
the points in the arch where it is required to effect 
compliance with the conditions of equilibrium. 

It appears, therefore, that, as the ordinary segmental 

3% 
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arched rib of a bowstring bridge corresponds in form 
very nearly with the parabolic curve of equilibrium — 
due to a distributed load, no diagonal ties are required ; 
but it does not necessarily follow that if such ties be 
inserted the strain on them would be nz/; in point of — 
fact, the deflection of the girder would communicate 
a certain amount of strain to those members. If, 
however, the load be rolling, it will be absolutely 
necessary to supply such an amount of bracing as may 
be required to effect the equal distribution of the load 
on the arched rib, whatever may be its actual position 
on the platform of the bridge. 

In either case, however, the quantity of metal re- 
quired will be small compared with the amount 
absorbed in the corresponding “web” portion of a 
. parallel girder. We may, therefore, make a bowstring 
girder of greater depth than we could economically 
use in the box or lattice construction. That is the 
reason why we can in every instance construct a bow- 
string girder of no greater weight than a plate or 
lattice girder of corresponding strength; and why, 
in cases where the dead load is great, or, in other 
words, when the span is long, we may even construct 
it with a much smaller amount of metal, notwith- 
standing the heavy theoretical disadvantage the bow- 
string girder labors under in the diminished depth 
towards the ends, and the consequent increase, instead 
of diminution, of sectional area of the arched rib at 
those points. 

The stiffness of a bowstring girder will be less than 
that of a lattice girder of similar depth and strength. 
If there were no diagonal members in the construction, 
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Bod 


the deflection of the arched rib alone, supposing the 
abutments fixed, would be nearly equal to that of the 
lattice girder; whilst, as the abutments are movable 
to the extent of the extension of the tie, that amount 
of deflection would be about doubled. The intro- 
duction of bracing would diminish this deflection in 
proportion to the strength and adjustment of its 
several parts. With the type bowstring girder this 
condition and the increased depth will diminish the 
deflection to about the same amount as that obtained 
in the instance of the type lattice girder. 

From what we have already observed, it may easily 
be deduced that the weight of iron required in a bow- 
string bridge to sustain a given load will be governed 
chiefly by the amount, but partly also by the nature, 
of the load. In a railway bridge the load is of a 
mixed character, consisting of dead and rolling ele- 
ments in varying proportions. We shall therefore 
first deal with the two extreme conditions—all dead 
and all rolling loads—and ascertain the comparative 
quantity of metal required in each. To obtain that 
necessary to carry a mixed load, we shall merely 
combine these amounts in the same proportions as the 
dead and rolling elements obtain in the total load. 
This, of course, is not a correct method theoretically, 
as we are adding together + and — strains on some of 
the members. We. have, however, in this instance, 
as in several others, in accordance with our professed 
intention of avoiding all complications, preferred 
keeping the question in its simplest form; and as the 
required corrections are effected by means of the coef- 
ficient y, the final result obtained will be correct, 
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although the process by which it was arrived at is 
not quite so. 


& 
Dead Load (uniformly distributed). 


The mass of the tie will be as a S simply, and the 
mass of the arched rib will be that of the tie, together, 
with a certain additional amount due to the shearing 
strain transmitted through the arch. The shearing 
force in action consists of the entire weight of the load, 
less a certain proportion of it which may be resting 
immediately on the piers without being first trans-_ 
mitted through thearched rib. Now, instead of ascer- 
taining the increased sectional area required towards 
the ends of the arched rib in consequence of the com- — 
bined action of the uniform horizontal force and of the 
uniformly increasing shearing force, and multiplying 
the mean sectional area thus determined by thelength _ 
of the curved rib for its mass, we may approximate — 
to the same result very nearly, and by a very simple 
process, if we keep the two forces in action distinct 
throughout, and deal with their masses separately. 
Thus we shall imagine the arched rib to be replaced a 
by a horizontal member to resist the horizontal force, _ ie 
and by a vertical member equal in height to the depth : 
- of the girder to resist the shearing force. : 

The mass of the horizontal member will, of course, 
be the same as that of the tie=a 8S, and the mass of a 
the vertical member will, if we take % of the gross 


load as the amount transmitted through the arch, be 
2 
to that amount as i :S. The total mass of the 


S 
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arched rib and tie will therefore be as 


*(2s+) 


Again, the mass of the vertical members trans- 
- mitting the weight of the tie and its insistent load to 


the arched rib may, for our purpose, be taken as equal 
to a - consequently, if a and y be coefficients for the 


horizontal and vertical members respectively repre- 
senting the ratio of the metal used in practice to that 
theoretically required, the total mass of the bowstring 
girder for a uniform load will be 


a (280 lt ="). 


Again, the mass multipled by $ span and by 08 
ewt., will give the amount in ecwts. for each square 
inch sectional area of tie; hence for 1 square inch, 


es 63 (Fe+). 


4 8 


But 3 = strain in cwts. per square inch; and since 


29°x 

oy 
strain in ewts. per square inch due to the weight of the 
Biter itself equal to 


fee 0522 Se | 
aw 


folling Load. 


As the maximum strains on both the arched rib 
and the tie occur when the rolling load entirely covers 


- economic d?= 


, we have wel gs w. and the 
15 y : 
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the bridge, it is obvious that the mass of those mem- 
bers will be the same as for a distributed load 


7d?\ 
=o (28+ <) 
The web portion, however, as we have already shown, 
will have a different duty to perform; and it is ne- 
cessary now to ascertain to what extent this will affect 
the mass of the girder. 

Now, it may be shown that the maximum horizontal 
strain to which the diagonals of a bowstring bridge 
are liable is the same for each bar ; and that, assuming 
10 bays of diagonals, the strain in each instance will 
be about jth of the maximum horizontal strain on 
the arched rib or tie, due to the rolling load uniformly 
distributed. The mass, therefore, of the horizontal 


components of one complete set of 10 diagonals will 


S 
pe a. 
ea 
2 

Again, the mean square of the verticals being 


nearly, and having assumed 10 bays, the mass of the 
vertical components of the same set of diagonals will 


2 : 
be oe nearly; consequently, the total mass of one 


set of diagonals will be: 
ba 
(StF ) nearly. 
As we have assumed two sets of diagonals, one 
crossing the other, and one set of struts, the total 

mass of the web portion of the girder will be 

: i +") 
ee? 
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Taking the coefficients 2 and y of the same value 
as before, we have the mass of the bowstring girder 
for an entirely rolling load equal to 

Dimas Bid *y 
a ie ee 

Now, the moment in cwts. equals the mass multi- 

plied by 3 span and by .08 ewts.; hence we have for 


1 square inch area of tie: 


hoe, 21d? 
=.03 —"). 
pe age tos 
But “=strain in cwts. per square inch, and d?= a 
d : 105y ’ 


henced= 2 S J ”. and, by substitution, the strain due 
of 


to the weight of the girder . 


Mixed Load. 


It appears, therefore, that the strain per square inch, 
due to its own weight, on a bowstring girder con- 
structed to carry a dead load only, will be to that 
occurring on an equally strong girder iaeene c= for 
a rolling load of similar amount as $3:1%. Now, 
excluding the weight of the girders, the load to be 
carried by a railway bridge may be considered as 
consisting of #ths rolling and jth dead load; conse- 
quently, the equivalent fraction for the mixed load 
will be 17x3x15x1x 498; or, taking the fraction 
18 for the dead load as the unit of measurement, that 


for the rolling load will be 1.44 times the amount. 
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Putting 03;480,] Y =a, we have when x=1.20 
my : ay 


- y=28.24.0028: 
| a= .045,./2.56 + 00165 ; 
and the strain in cwts. per square sch due to 


weight of a bowstring girder for a railway bri 
will be 


1.44aT 
T+ 44a o 
Taking the limiting strain, T=80 cwts. per sq 
inch, and arranging the results as before in a ta 


form, we have: — 
‘ Strains in ewts. per 
Span in feet. square inch. Depth. 


300 : 27 4 span | 
400 30.0 
500 43.5 
600 : 52 
700 60 
800 67 
900 (i) 
1000 80 


The multiple — 
T 


t= 


Span in feet. 


300 
400 


500 


600 
700 
800 

900 

1000 


or Wak 


m mloo ono 
fa 


. 
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or 
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Type 4.—Straght-link Girders. 


Weare not aware that any example of the above 
mode of construction exists in this country. The 
nearest allied to it, perhaps, is Brunel’s Chepstow 
bridge, and even that structure may be more properly 
referred to our second type, as in reality it is little 
more in principle than a three-bay lattice bridge, the 
most noticeable feature, and the one redeeming the 
design from the charge of extravagance, being its 
great depth, amounting to about one-fourth the span. 

In America, on the other hand, the straight-link 
girder, under the name of the Bollman truss, appears 
to meet with general approval; and, as there are several 
‘large bridges of the class erected in that country, we 
may consider the principle to have been fairly tested 
as to its practical capabilities. 

Theoretically, our present type is the heaviest form 
of girder we have yet considered, and in the discussion 
at the Institution of Civil Engineers following Mr. 
Zerah Colburn’s paper on American iron bridges, it 
was on that evidence condemned as uneconomical. We 
have, however, advanced sufficiently with our inves- 
tigations to be satisfied how fallacious conclusions 
must be which rest on so uncertain a basis as mere 
theoretical considerations. All our types as yet have 
occupied precisely reverse positions in the scale of 
economy to that indicated for them respectively by 
theory; we may not, therefore, be surprised if we find 
this—the lowest in the scale—positively heading its 
competitors. 


In principle the straight-link girder is more nearly 
4. 
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allied to the bowstring than to any other system. In 
both instances we have one straight member of uni- 
form section throughout—the tie and the boom—op- 
posed by a member of greater length and of increased 
section towards the piers—the arched rtb‘and the col- 
lection of ties. We found the weight of the bowstring 
girder.to vary considerably with the character of its 
load, and it will be seen hereafter that the same element 
influences the weight of the straight-link girder, the 
conditions, however, being reversed. From the nature 
of the trussing in the present case, a rolling load will 
be more economically dealt with than will the load 
due to the weight of the girder itself, whilst it will be 
remembered the former load operated disadvanta- 
geously on the bowstring girder. It follows from this 
that if the short-span bowstring girder has any advan- 
tage over our present type, it will maintain a still 
greater advantage in the long-spans, whilst on the other 
hand, if the straight-link girder excels the former 
systems for the short spans, it by no means follows 
that it will be able to compete with it for the long 
spans. Indeed, theoretical deductions show it to be 
otherwise; and as in this instance they are not over- 
ruled by practical considerations, the fact of the joint 
moment of all the bars being 13 times that of the 
arched rib of equal strength must detract from the 


economy of the straight-link girder, as compared with — 


the former system for uniform loads. 
With reference to the comparative stiffness of this 


description of bracing, it was remarked in the dis- _ 
cussion at the Institution of Civil Engineers previously 
alluded to, that diagonals of great inclination were 


ene 
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free to deflect on a curve struck from one of the ends 
as a centre, and the other end as a radius; and that, 
as the curve so described would coincide in practice 
for a considerable distance with a straight line, there 
would be little or no resistance to deflection. Now 
this conclusion is palpably false, as the deflection 
would be inversely as the angle included between the 
given pair of ties, and not depend upon the inclination 
of either of them to the horizon. Thus, if the two 
bars be at right angles to each other, it is immaterial 
as regards deflection whether both of the bars be at 
the angle of 45° to the horizon, or whether one be 
vertical and the other at the jlattest possible angle, in 
fact horizontal, since with equal depths and unit strains 
the deflections would be similar. 

As the most obtuse angle included between any two 
bars occurs at the centre of the span, the deflection 
will be greatest at that point, and will be less towards 
the ends, as in other structures; the amount, however, 
in this instance will be about double that occuring on 
a lattice girder of similar depth and strain per square 
inch. In this respect it resembles the bowstring 
girder, but the practical disturbing elements reducing 
this double amount in the case of the bowstring girder 
will not be obtained in the present instance. 

There is a peculiarity, however, connected with the 
deflection of this girder, which should not be passed 
over without notice, as it may be of grave practical 
importance. Aseach pair of ties acts independently, 
affecting the others indirectly only through the me- 
dium of the boom, it follows that if any pair of ties 
have their full proportion of load, they will also incur 
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a large moiety of their full deflection, which deflection 
will not be shared in any perceptible degree by the 
remaining unloaded portions of the bridge. The 
practical effect of this condition is, that as the rolling 


load advances along the bridge, it will, so to speak, — 


break the back of the boom at the vertical, springing 
from the nearest adjacent unloaded pair of ties. 

With the 300 ft. span bridge, for example, the load 
being half over, the deflection at the centre would be 
about 3 in., whilst, if the bridge consisted of ten bays, 
at a point 380 ft. off, the deflection would only be 1 in, 
In the length of 80 ft., therefore, we have to dispose 
of a difference in level of 2 in., about; and this will 
necessitate either an elastic boom subject to transverse 
strain, or else one jointed at each vertical. If we 
attempt to get over the difficulty by the insertion of 
bracing to equalize the deflection, as is sometimes 
done in the American bridges, there will be little 
hope of attaining an economical structure. 

Having pointed out the foregoing practical difficulty 
in the construction of the straight-link girder, we 
shall assume it to be surmounted, without producing 
any abnormal strain on the boom, and without any 
extra provision of bracing, and shall now proceed to 
ascertain the quantity of metal required on that 
hypothesis. 


Dead Load. 


The mass of the boom will be proportional to a S, 
and the mass of the ties will be that of the boom, 
together with the additional amount due to the trans- 
mission of the shearing strains through those members. 


& 
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We shall deal with the masses required to resist the 
horizontal and vertical strains separately, as we did 
in the instance of the bowstring girder. © 

Now, taking the cluster of ties collected at each 
pier it may be shown that the horizontal strain on 
each will be proportional to the ordinates of a para- 
bola, of which the highest represents the horizontal 
strain on the centre pair of ties. The mean height 
of all the ordinates of a parabola being equal to 2 of 
the height, it follows that the mean horizontal strain 
on each bar will be 2 of the amount on the centre bars. 
But the moment of the load on the centre pair of ties 


is equal to eee consequently the mean moment of 


all the ties will be 2 of that amount = We. It ap- 


pears therefore, with similar depths, loads, and unit 
strains, the sectional area of the flange portions of a 
straight-link girder will be 2 of that necessary in 
either of the types we have yet considered. 

The mass of the horizontal components of the ties 
being a §, the mass of the vertical components will, 
if we take 3 of the total load as transmitted through 


3 * 
them, be to that amount as 21d" . 3. The total mass 


4S 
of ties and boom will therefore be = a (2 S +25) 


But we must also provide vertical members to sup- 
port the boom and ties at certain intervals, the mass 


of which members may be taken as equal to ay 


therefore, taking x and y coefficients for the horizontal 
4* 
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and vertical members respectively, the total mass of 
metal required in the construction of a straight-link 
girder for a dead load will be 
45 d*y 
25 
gone 3 
Taking @ = 1 square inch, the mass multiplied by 


03 cwts. and by 3 span will equal the moment in 
cwts. 


Sx 15d? 
po Ol eg 


But 3 =strain in cwts. per square inch; and since 


8 Sx S x 

_.-_ | an 
18 y we have d sara ; and the 
strain in ewts. per square inch, redaitesam from the 
weight of the girder itself, énual to 


t=.08(1.58 Sa 2) 


Rolling Load. 


_ As the maximum strain on the ties and boom is at- 
tained when the bridge is entirely loaded, the mass of 
those members will be the same as before, 

om 28( ae 5) : 

48 /! 

and as we have assumed the platform of the bridge to 
be at the level of the bottom of the girder, no addi- 
tional metal will be required to complete the girder 
for the rolling load. Therefore, x and y being bi 
coefficients as before, the total mass will be: 


(ths 


economic d?= 
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And, for 1 square inch area of boom the moment, in 
cwts.= mass x .03 cwts. x g span will be: 


But = strain in cwts. per square inch; and since © 


economic d?= > ae SEA oad Maal 
2ly 1.624) y 


cwts. per square inch due to the weight of the girder 
itself will be: 
t=.08(1.08Se 2): 
z 


Mixed Load. 


; and the strain in 


Putting 08(1.58 sx, |?) =a, we have when z= 


x 


1.25, and y=3.2+ .002 S: 


a=.059 SV256+4.0016 S; | 


and the strain in cwts. per square inch due to the 
weight of a straight-link girder for a railway bridge 
will be: 


ae 

| 7 ; Tse 

Taking the limiting strain, T=80 cwts. per square 
inch and substituting the spans, we obtain the fol- 
lowing results: 


t 
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Strain in ewts. per 


Span in feet. square inch. Depth. 
300 23.1 i 
400 03.0 
500 45.0 
600 517.7 
700 pes 
800 92.5 i 

The multiple ’ _ will have the following values: 
Span in feet. Multiple. 
300 oats = A 
56.9 
400 a2 = 12 
46-5 
500 "38 eel 1.28 
600 54:4 om 2.61 
22.3 
700 mF re 9.97 
1-3 
800 i o) 


We have now arrived at the conclusion of what 
may be considered the first stage of our investigations. 
Our type girders, Nos. 1, 2, 8, and 4, are all inde- 
pendent structures, carrying their loads without any 
extraneous assistance, the only requisite being a sup- 
porting pier at each end capable of bearing one-half 
the maximum load on the bridge. As, in our opinion, 
all justifiable modes of constructing independent 
girders may be referred to one or the other of the 
preceding types, and will be included within those 
limits, we shall now proceed to the second stage of 
our inquiry, which refers to structures whose stability 
depends upon some support beyond that afforded by 
the simple pier. We shall first consider those strue- 
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tures which—although dependent upon external 
assistance—produce only a vertical pressure on the 
piers; and secondly, the systems whose stability is 
governed by the power of the piers, or abutments, to 
resist horizontal, as well as vertical, forces. 

The first division will comprise Types 5, 6, and 7, 
that is, two kinds of cantilevers and the continuous 
girder; and the second division will include the re- 
maining type structurss. 


Type 5.— Cantilever Girders of uniform depth. 


In appearance the type we have now to consider is 
identical with the independent lattice girder, and this 
identity is not merely apparent, but does, in fact, 
obtain to a great extent in the web; but a little con- 
sideration will show that the flanges are placed under 
entirely different conditions. 

In the independent girder of uniform depth, and 
with a distributed load, the strain on the flanges will 
be greatest at the centre of the span, and less else- 
where, in proportion to the ordinates of a parabola ; 
whilst in a similar cantilever girder, although the 
maximum strain will be the same in amount as before, 
it will take place at the piers, and will diminish 
towards the centre in proportion to the co-ordinates 
of the same parabola; at the middle of the span the 
strain, therefore, will vanish. It follows that, in the 
independent girder, the theoretical mass of flange 
required will be, to the mass obtained by multiplying 
the sectional area into the length, as the area of a 
parabola: the area of the inclosing rectangle, that is, 
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as 2: 1; whilst in the cantilever the proportion will — 
be as the area of the complement of a parabola to the 
same rectangle, that is, as 1:1. The mass of metal 
required theoretically to form the flanges ofa can- 
tilever will therefore be only one-half of that necessary 
in a similar independent girder, the load in both 
instances being uniformly distributed. 

This proportion, however, does not represent the 
whole of the advantage accruing to the former system, — 
as the moment of the flanges will be diminished in a 
much higher ratio than the weight. 

The centre of gravity of the semi-parabola, rep- 
resenting the mass of metal required in the flanges 
each side of the centre of an independent girdle, being 
;°; of the span from the pier, the moment of the flange 
will be proportional to 2 x ;3=3°;; whilst the centre 
of gravity of the complement of the semi-parabola 
being 3 of the span from the pier, the moment of 
the flanges of a cantilever girder will be propor- 
tional to $x }=,';. The ratio of 5 to 1 indicated by 
the preceding theoretical considerations is so high 
that we may be sure, after allowing an ample margin 
for all possible contingencies, a balance will still 
remain in favor of our present type, which must tell 
with considerable effect in the economy of long-span 
bridges, where a large proportion of the load consists 
of the weight of the girdle itself. 

Of course, whether the extra metal required in the 
adjacent spans, according to this system, may equal 
or exceed the saving effected in the main span is 
another question, which does not concern us at present. 

The maximum deflection of the cantilever girder 
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will obviously be partly governed by the adjacent 
spans. If the side spans be one-half the main span, 
the deflection at the centre of the latter will be from 
1 times to double that of the independent girder, of 
equal depth and unit strains. The unequal deflection 
of the two halves of the main span, due to the passage 
of a rolling load, presents no practical difficulty, as a 
very simple connection may be contrived, admitting 
free vertical deflection and longitudinal expansion, but 
at the same time resisting any tendency to lateral 
movement. 

Now the mass of the girder for each square inch 
area of the maximum cross section of flange will be 
the same as for Type 2, that is: 


2(Sx+yd). 
Since the mass multiplied by .03 cwts. and by 


o| tA 


4 
come 


moment in cwts., we have: 


2S? +48 yd 
p=. 


But 77 = strain in cwts. per square inch (¢); and since 


economic depth= 5%, we have: 
g 


— 93 S8Y 
t= 03 —=. 

The value of 4 will vary according to the distribution 
of the load; for an uniform load 6=8, and we must 
now ascertain its values for the various distributions 
of load obtained in railway bridges of various spans. 

Now, if the load to be carried be uniformly distri- 
buted, the value of 6 for the portion of the load 
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consisting of the weight of the girder-itself will be 
as follows: 

Web =12 ) mean theoretical value b=14. 

Flanges= 16 “ practical « % See eas 
Again, if the load consists of the weight of the girder — 
alone we-have: 

Web =16) mean theoretical value b=18. 

Flanges = 20 “ practical - baele, 
It follows, therefore—T being the limiting strain in 
cwts. per square inch—the value of 6, corresponding 
to the required strain, ¢ will be: 

ya t+ 11(T—?) 
tS 

Substituting this value in the former equation, and 
taking T=80 cwts., y=2.54.0015, and cos 6, we 
obtain : 


t=/128+4 .005 $+ 12100—110; 
which equation gives the following results: 


Strain in cwt. 


Span in feet. per sq. in. Depth. 
300 17.2 4 
400 23.2 
500 29.2 
600 38.1 
700 | et 
800 48.0 
900 54.4 

1000 60.5 
1100 67.0 
1200 73.8 


1300 80.0 J 
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We have already observed that for a distributed 
load, such as the weight on the platform of a railway 
_ bridge, b=8; and we have also found its value for 
the girder weight required to carry this load at the 
various spans. We can, therefore, at once obtain the 
weight of iron required in the construction of the 
main girders, as it will be the multiple of the load 
expressed by the equation: : 
tb 


) Multiple= aro 
Span in feet. Multiple. 
300 yD 
400 61 
500 | 88 
600 1.23 
700 1.64 
800 2.5 
900 3.6 
1000 5.43 
1100 9.25 
1200 21.6 
1300 oe 


Type 6.—Cantilever Lattice Girder, varying economic 
depth. 


The most superficial examination of the method and 
results of our investigations concerning the cantilever 
lattice girder of uniform depth could hardly fail to 
suggest a desirable modification in its outline. Thus, 
if we lay off 300 ft. span and plot the economic depth 
at each end, and then, adding 50 ft. to each end, plot 
the economic depth for 400 ft. span, we shall, if we 
5 
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carry on the process up to the limiting span, and con- 
nect the various plotted heights by lines, obtain a 
curve the ordinates of which will represent the 
economic depth for the different sections of the girder, 
and consequently, if there be no new condition intro- 
duced, of the entire girder. | 
But the alteration of the top flange from a straight 
line parallel to the bottom flange, to a curved line 
inclined to the latter, does introduce a new element 
into the case, as a portion of the shearing strain will 
now pass through the top flange, and to that extent, 
of course, the web will be relieved of its strain. 
Now an examination of our last investigation will 
show that the depth of the girder, and, necessarily, to 
a great extent the weight also, is governed by the mass 
of the web portion. It follows, therefore, that the 
more we can reduce the strain on and, consequently, 
the mass of, those portions, the greater will be the 
economic depth, and, within certain limits, the smaller 
the total mass of metal required in the construction 
of the girder. It is not difficult, then, to see that we 
should employ every available economical means ote. 
reducing the strain on the web portions. We can, 
fortunately, effect this by the very simple process of 
giving the upper flange a downward curvature. — The 
tendency of the tension member to pull straight will 
react on the long struts, and by the production of an 
initial tension reduce the mass of metal required for 
those members of the web; whilst, if we make the 
curved outline include the various economic depths, 
we shall arrive at a stiffer form of girder than before. 
It would be foreign to our present purpose, and 
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inconsistent with our avowed intention of viewing 
our subject in the broadest possible light, were we to 
endeavor to deduce the precise amount of curvature 
which would give the most favorable general results. 
It will be a sufficiently near approximation to the 
correct average proportions, if we assume the depth 
at the centre of the girder to be one-fourth that at the 
ends, and the curvature of the top flange to be the 
segment of a circle passing through those three points. 

The form of bridge to which we have been thus, as 
it were, irresistibly driven is, we believe, almost iden- 
tical in general and outline proportions with the 
structure designed by Mr. Fowler to span the 600 ft. 
centre opening, and the two 300 ft. side openings, of 
his viaduct for carrying the proposed “South Wales 
and Great Western direct” railway across the Severn 
estuary. 

It will be unnecessary to give a detailed investi- 
gation of this modified form of the cantilever lattice 
girder. The horizontal components of the diagonals 
will be, proportionally, the same as before; the vertical 
components, however, will be less, as a proportion of 
the shearing strain is transmitted through the curved 
top flange. The struts, again, will be lighter, on 
account of their diminished length, and, for the same 
reason, the flanges will be heavier. The centre of 
gravity of the mass of the entire girder being about 
the same as in the previous instance, we have merely 
to substitute new values of x and y in the equation 
already deduced for the parallel cantilever girder. 
Taking «=.7, and y=2+.001S, the strain in cwts. 


= 
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per square inch due to the weight of the girder itself 
will be: 


t=/9 6S +.0048?+ 12100—110, 
which equation gives the following results: 


Strain in cwts. 


Span in feet. per sq. in. Depth. 
300 14 4 
400 19 
500 24 
600 29 
700 34.5 
800 40 
900 45.5 

1000 51 

1100 56.5 

1200 62 

1300 68 

1400 74. 

1500 80 1 


The multiple, as in last case, will be given by the 
equation : 


: tb 
Multiple= Br 
Span in feet. Multiple. 

300 m3, 
400 A6 
500 65 
600 88 
700 1.2 
800 1.61 


900 ‘an 
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_ Span in feet. Multiple. 
1000 2.96 
1100 4.15 
1200 6.1 
1300 11.2 
1400 22.6 
1500 fo) 


Type 7.—Continuous Girder, varying economic depth 
_ (tncluding Sedley’s patent). 


Our last investigation shows us that with an un- 
limited supply of metal we may construct a cantilever 
bridge up to 1500 ft. span; it follows, as a corollary, 
that it is also possible to construct a cantilever, or 
bracket, 750 ft. projection, capable of carrying any 
required load at its extremity. For, suppose we 
‘support this load by a simple triangular frame, con- 
sisting of an inclined tie and a horizontal strut, then 
the weight of this frame will not produce a strain on 
either of those members, since the whole affair will 
be borne by the original cantilever as a portion of its 
uniform load; and consequently, it will be possible 
to construct this triangular bracket, or what amounts 
to the same thing, the original cantilever, of sufficient 
strength to carry any required load at its extremity. 
This being so, it necessarily follows that it will be 
practicable to support the two ends of either of our 
independent girders on the extremities of a pair of 
these cantilevers, as securely as if they rested on their 
original piers. 

It is evident at once that if we do thus insert an 


independent girder between the two halves of a can- 
5* 
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tilever bridge, the limiting span of the entire structure 
will be equal to the sum of the limiting spans of the 
two systems of which the bridge is composed; that is, 
if we take our last type and the bowstring bridge, 
the limiting span will be 1500 +1000=2500 ft. Now, 
what conclusion must we draw from this fact? It 
appears we may on this system, with a definite amount 
of metal, bridge an opening which could not be 
spanned by either of the other systems we have yet 
investigated with an infimite quantity; and the irre- 
sistible conclusion is that at the high spans a much 
smaller amount of iron will be required in the con- 
struction of a “continuous” bridge of this class than 
would be necessary in one constructed on either of 
the other systems. This theoretical deduction is fully 
corroborated by the indisputable economy obtained 
in the bridges on this principle erected under Sedley’s 
patent. The only thing we have to determine, then, 
is the span at which this superiority will begin to 
manifest itself, and that, of course, will vary with the 
degree of economy obtained in practice in the other 
systems with which it is to be compared. In our 
present investigation—as -we have in all instances 
supplied a very liberal amount of metal for the con- 
struction of the several types—it will be when the 
sum of the multiples for the cantilever bracket and 
bowstring, reduced to the equivalent value when 
measured over the whole span, is smaller in amount 
than the multiple of the cantilever bridge for the 
same span. The tables we have already calculated 
for the two systems of which this type consists will 
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enable us to ascertain when this condition is obtained 
almost by inspection. 

There is no practical difficulty in the construction 
of this compound structure calling for special notice. 
The bridge may be made in one connected length, 
and merely jointed at the points of contrary flexure 
occurring at the junctions of the bowstring with the 
cantilever, expansion being provided for at the piers 
in the usual way, or the bowstring may be slung from 
the ends of the cantilevers, and the expansion allowed 
to take effect at those points of the span. Inthe latter 
case, precautions must be taken to insure the mainte- 
nance of the strength of the horizontal bracing past 
those points, so as to check all tendency to lateral 
movement. ; 

The deflection will, of course, be the sum of the 
deflections of the two smaller spans mto which the 
bridge may be broken up. This will give a rather 
smaller proportional deflection than that appertaining 
to either system individually. Now let a=the sum 
of the lengths of the two cantilevers, and let d=the 
span of the centre portion, or the bowstring girder ; 
then a+b=span of the “continuous” girder. Also 
let n be the multiple corresponding to span a, and m 
the multiple for span 6, given in the tables of mul- 
tiples for types 6 and 8 respectively. Then the load 
per foot on the cantilever in terms of the useful load 
as before, reduced to the equivalent load per foot 
distributed over the entire span, will be see 


In the same manner the load from the bowstring will 
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be Ant - and assuming the weight on the end of 
a 


the bracket as equivalent to double the amount 
distributed, the load from the “triangle” will be 
2b(m+ 1) 

G46 
mean equivalent load; and that amount, less the unit 
useful load, will be the mean equivalent multiple; 
therefore, 


Mhe sum of these amounts will be the 


a(n+1)+32(m+1) 
a+b : 
Substituting the valves of m and obtained from 
Tables 8 and 6, we find, by the preceding equation, 
that in higher spans than 550 ft. the “continuous” 
girder is ligher than the cantilever. At 550 ft. span, 
then, the economic span of the centre portion on the 
bowstring girder=0; and we know that at 2500 ft. 
the economic span is also the limiting span=1000 ft. 
N 2500—550 ARS 
ow —1.95; and it will be sufficiently 
1000 | 
accurate for our purpose if we assume the economic 
span of the centre portion generally to be: 
Span—550 
9 ie : 
Substituting this value of } in our former equation, 
we obtain the following results: 


Multiple= 


Economic span= 


Span. Multiple. 
300 eS) 
400 A6 
500 69 
600 85 


700 et 
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Span. Multiple. 
800 1.33 
900 1.61 

1000 8 th 1.84 

1100 2.1 

1200 2.49 

1300 2.87 

1400 3.07 

1500 3.91 

1600 4.58 

1700 5.39 

1800 6.47 

1900 7.98 

2000 10.42 

2100 14,32 

2200 21.14 

2300 29.12 

24.00 50 

2500 00 


Type 8.—Arched Ribs with Braced Spandrils. 


With very few exceptions, all the earlier examples 
of what would, at the time of their erection, be con- 
sidered long-span bridges are constructed on the 
principle of the arch; indeed, in comparison with 
that construction, all the types are in their infancy ; 
and yet, perhaps, with reference to no other system 
does there exist so much indefiniteness and difference 
of opinion as to the real direction and amount of the 
strain at any given point in the structure. The ex- 
planation of this is simple enough, since, before we 
can attempt to determine the strains on an ordinary 
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arch, we must make certain assumptions, the probable 
truth of which may be sufficiently proved in owr 
opinion, but not so in the judgment of others. As 
we cannot absolutely demonstrate the truth of our 
hypothesis, any one else is, of course, at perfect liberty 
to make a different one, which may, very probably, 
give an entirely different result. 

If, however, we have given the relative position of 
_ three points through which the centre of pressure on 
the arch passes, its position is defined at every other 
point, for just the same reasons that the radius of a 
curve is defined when it has to pass through three 
points. It follows that if we arrange the details of an 
arched rib so as to insure the centre of pressure pas- 
sing through three known points, we shall be enabled 
to determine all the conditions with the same precision, 
and therefore to proportion the strength of the several 
members to the maximum strains occurring on each 
with the same ease as we do in the most elementary 
form of truss. 

We have already adopted a similar method in the 
instance of the continuous girder, by first determining 
the most economical position for the points of con- 
trary flexure, and then, by constructional arrange- 
ments, securing the constant position of those’points 
under all conditions of loading. By this means we 
not only obtain a great theoretical advantage, but, by 
reducing the complicated and, in fact, almost indeter- 
ininate problem of the determination of the actual 
strains occurring on a continuous girder to the simple 
ease of the independent girder, we were enabled in 
practice to effect an additional saving by propor- 
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tioning the several members with much greater nicety 
to the maximum strains on each. 

_ The desideratum in the design of an arched rib is, 
therefore, that the centre of pressure should, under 
all conditions of loading, pass through the same three 
given points. The most obvious way of effecting this 
is by making the arched rib movable on pivots at the 
centre and at each springing, thus hinging, as it were, 
the rib at those three points. If the frictional resist- 
ance to turning on these pivots be small—that is, if 
their diameters be small—the centre of pressure would 
always pass through their centres, which, for a sym- 
metrical cross section of rib and uniform unit strain, 
should correspond with the axis of the rib at those 
points. 

Again, in this design, expansion and contraction 
will merely produce a rise or fall of the arch at the 
crown, without any incidental strain; whereas if the 
rib were continuous there would have been additional 
strain with the consequent loss of metal on that score. 

We shall therefore confine our investigations to 
_ the arched rib jointed at the centre and at each spring- 
ing. This, of course, assumes intermediate piers of 
sufficient stability to take up the unbalanced thrust 
due to the rolling load, if the arch be one of a series 
in a viaduct. If the piers be too lofty to admit of this 
necessary provision, we should adopt an arched rib 
of an entirely different pattern, which will be referred 
to.in considersng Type 10. 

The problem reduced to its present dimensions is a 
very simple one, admitting of a definite solution; and 
on that account, partly, there is no reason why the 
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ssthetidally perfect form of the arch should not be 
economically employed in wrought-iron bridges. 

The deflection of an arched rib will be very nearly 
the same as that of a lattice girder of similar depth 
and strain per square inch. 

In considering the strains to which an arched ribis 
liable, it will be necessary to resolve the gross load 
into its two elements—dead and rolling; for in this 
instance, as in several previous ones, the strain will 
be to a great extent governed by the nature of the load 
as well as by its amount. 


Dead Load. 


With a dead load uniformly distributed, it is not 
necessary for the spandril fillings of the arch to possess 
any bracing power, for the same reasons that the 
diagonals of the bowstring girder were dispensed with © 
under similar conditions. The mass of the arched 
rib will be the same as in the instance of the same 


girder : 
=a($ a ee 


that of the verticals will be less, on account of their 
2 
decreased length, the mass being about x Taking 


the coefficients, x and y, for the horizontal and vertical 
components of the strain, as before, the total mass of 
the arch for each square inch sectional area at crown 
will be: 

8d7y 


S Es 
ibe 
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But the mass, multiplied by .03 cwts. and by 4th 
span, equals the moment: 


=08(F +7y), 
ota 


3 S2a 
Since econo q@?=~ h depth = —~ 
mic qo? we haye dep ee 


and since the strain in cwts. per square inch (¢) as 


2 we have for the dead load: 


=.03( val AE: ), 


Rolling Load. 


With a rolling load it will be necessary to introduce 
bracing between the arched rib and the “ horizontal 
girder,” of such strength that the moment of resist- 
ance to a traverse strain at any point of the spandrils 
may be equal to the bending moment at the same 
point, due to the unequal distribution of the load. 
We shall assume the depth of bracing at the centre 
of the span to be {th the rise of the arch, which will 
give us an effective depth of 4d the rise at the point 
of maximum bending stress. This proportion will 
limit in all our examples the maximum strain on the 
arched rib to the same amount as it would be were 
the load entirely dead. The mass, therefore, will be 
the same as before: 


(eo 
ae =). 
reli 
Now the maximum bending moment will occur 


when the rolling load is half-way over the bridge, at 
6 on 


iti Sia 


58 LONG-SPAN RAILWAY BRIDGES. 


which time it will, in terms of the bending moment 
on the entire span, be equal to ($)*. Since, however, 
the effective depth is only equal $d the rise of the 
arch, the mass of metal required in the horizontal 
girder, or top member of the braced spandrils, will 
be equal to ($)'+4=§ a8. | 

The mass required for the sum of the horizontal 
components of the strain on all the diagonals will, if 
we provide a double set of 10 bays of bars, be equal 
to A Again, the mean square of the verticals being 


a about, it follows that the mass required in the 


vertical components of the same double set of diago- 
17d7a 


nals will be The total mass of metal required 


in the arch for each square inch of sectional area at 
the crown will, therefore, taking coefficients « and y, 


as before, be equal to: 
1.8804 a 
Since the mass multiplied by 03 ewts. and by 3 span 
equals the moment, we have: | : 


u=.03(.2259%a + 8d?y). 
But i husnba ss in cwts. per square inch (t); and eco- 
1.88’x 
24y 
tution = 08 (1.62 Se |v) 


4 6 


nomic d?= ; hence d= aN and by substi- 
| y 
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Mixed Loads. 


Assuming, as before, the useful load on a railway 
bridge to be composed of ? rolling and } dead load, 
the mean coefficient will be 1.62x 3x .71x4=1.4; of, 
taking the coefficient for the dead load=.71 as the 
unit of measurement for the mixed load, it will beabout 
double that amount. Hence the strain in cwts. per 
square inch (¢) due to the weight of a girder for car- 
rying a railway bridge will be: 


1=.021 so, | 2— am). 


Putting a=.021 Sx} 7, when (1.25, and y= 
~ 


3.0 +.002S, we have: 
a= 0265/28 + 0016S. 
And, taking the limiting strain at 80 cwts. per square 
inch as before, we have: 
160a 
8040) 
which equation gives the following results: 


(= 


Strain in ewts. 


Span in feet. per sq. in. Depth. 
300 23.8 1 
400 ol 
o00 Ye 
600 43.8 
700 48.6 
800 a De 
900 ee 

1000 ee gb 


1100 69.3 
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Strain in cwts. 


Span in feet. per sq. in. Depth. 
1200 73.5 
1300 174 
1400 81 4 


The value of the multiple 7 : 


—— 


7 that is, the weight 


of iron in terms of the useful load, will be as follows: 


Span in feet. Multiple. 
300 23.8 = A? 
400 a1 f 63 
500 31-7 = 9 
600 ch eas 1.22 

36-2 
700 £38 on 1.55 
31-4 
800 55 = 2.9 
900 60 ae 3 
1000 64.9 = 4.3 
1100 69°3 oom 6.5 
10-7 
1200 18:5 - 
1300 a = 30 
2:6 
1400 seed co 


Type 9.—Suspension with Stiffening Gurder. 


The combined lightness and strength of an ordi- 
nary rope stretched between two supports, | ‘and the | 
almost unlimited distance apart at which those points’ 
of support might be placed, as compared with that 
which would have been the limit had the intervening 
space been spanned by a solid bar even of iron of the 
same size as the rope, if merely resting on the sup- 
ports, could hardly have failed to attract, at a ven 
early date, the attention of thoughtful prackigas men. 
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When, therefore, the occasion arose of throwing a 
light structure across a wide obstruction, the similarity 
of the conditions to the case of the rope with its two 
distant points of support must almost necessarily have 
suggested a similar mode of procedure; and knowing 
the great superiority of the tensional strength of iron 
over rope, it was only natural that the ‘suspension 
bridge,” in its simplest form, should be evolved, and 
that it should be the earliest form of the “long-span 
bridge,” as understood in our definition. 

The great instability, however, of this mode of con- 
struction was at first inadequately appreciated. It 
was not until numerous failures had occurred that it 
began to be clearly understood that a moderate force, 
applied at regular intervals, would produce an_iso- 
chronous movement of sufficient extent to effect at 
last the destruction of the structure. The first modi- 
fication suggested by these accidents was the insertion 
of check ties, or even inverted suspension chains, to 
hold down the platform and so prevent its oscillation. 
This, however, was a mere empirical remedy, and a 
more complete and scientific investigation of the con- 
ditions of a suspension bridge was required before a 
successful result could be obtained. As the problem 
presented no important difficulties, the solution of it 
was delayed an unreasonable length of time. 

A little consideration will show that, to secure the 
stability of a suspension bridge, it is only necessary 
to prevent any considerable change of form in the 
chains, and the consequent tremar and oscillation. 
This means that the forces acting on the chains 
should maintain always the same direction and the 

6* 
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same relative proportions to one another, although it 
is not essential to the conditions of equilibrium that 
the amount of these strains should remain constant. 
This being so, it follows that if the distribution of the 
load, or other conditions, be such that the relative 
proportions of the forces would not be maintained, 
sufficient transverse strength must be provided in the 
structure to effect the required distribution of the — 
forces acting on the chain. It matters little where 
this strength be supplied; in some few instances it 
has been obtained by bracing together two sets of 
chains, one lying under the other, thus assimilating 
the chains to an inverted arched rib; in fact, a girder 
section for the suspension has been patented ; ordi- 
narily, however, the required transverse streneth is 
obtained in the construction of the platform, where it 
is equally efficient, and rather adds to, than detracts 
from, the elegance of the structure. 

Although by this arrangement we effectually coun- 
teract the dangerous isochronous movement, still, as | 
the economic depth of the stiffening girder is compara- 
tively very small, and as a double wave of deflection 
precedes and follows the load as it rolls over the 
bridge, a considerable amount of vibration must ne-_ 
cessarily still exist, although not dangerous in its 
effects. This objectionable peculiarity of the sus- 
pension principle is probably the reason why that 
class of bridge is almost universally condemned as 
unfit for railway purposes. 

We believe, however, that the bad proportions of 
the earlier bridges, and the consequent failures, have 
created an unwarranted prejudice against the system. 
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There is no theoretical or practical reason why a sus- 
pension bridge should not be made of any required 
degree of rigidity; but whether this could be done 
economically remains to be seen. Whatever can be 
effected on the principle of the arch may also be 
obtained in a suspension bridge. Thus, if we were 
to invert our last type, the arched rib with braced 
spandrils, jointed at three points, we should obtain a 
rigid suspension bridge, free to expand and contract 
under changes of temperature. Again, provided we 
supply adequate transverse strength to the two halves 
of the bridge, it is immaterial what form our bracing 
may assume. As, however, we must have a hori- 
zontal girder at the level of the platform, it is more 
convenient to truss between that member and the 
arched ribs or chains, as the case may be, than to 
insert a special member. 

It is obvious, then, that it 1s possible to design an 
_ immense variety of forms of rigid suspension bridges; 
the most elementary type being probably a couple of 
inclined straight beams, the outer ends of which are 
attached to the top of the piers, and the near ends 
jointed together. All that class may be referred to 
our last type, and the other systems will be included 
in our remaining types. At present we shall confine 
our attention to the ordinary suspension bridge with 
stiffening platform girder. 


Chains and Suspending Bars. 


In order to obtain great stiffness in the suspending 
bars and other portions of the structure, and so fit it 
for its duty of carrying a heavy rolling load with 
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little vibration, we shall provide a mass of metal for 
the construction of the suspension portion of the 
bridge, exclusive of the stiffening girder, equal to the 
amount we have found necessary in an arched bridge 
carrying an entirely dead load. The strain per square 
inch will therefore be the same in both instances: | 


= ors], 


x 


where x=1.25, and y=3.2+4.002S. 
Lattice Stiffening Gurder. 


Eliminating the complicating elements the unequal 
deflections of the chain and girder introduce into the 
question by assuming a certain amount of preliminary 
adjustment to be effected during the erection of the 
bridge, we find the maximum bending moment on the 
stiffening girder takes place when the bridge is two- 
thirds loaded, at which time it will, in terms of that 
on the entire bridge, be equal to $ (3)*=<a4.. There- 
fore, w being the load in ewts. per foot run, and T 
the strain in cwts. per square inch, the required 
sectional area of flange will be: 

oe 

54d 1" 
But since all parts of the girder are successively ex- 
posed to nearly the same amount of strain, the theo- 
retical mass of the web of the stiffening girder will be 
about 14 times that of a similar ordinary girder; 


therefore economic depth = = _ Hence, since weight 
y : 7 

run of the girder in cwts.(W) equals .08 cwts. x 4 @ @, 

we have: 
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_ Swy 

BOT 
Putting the rolling load w=25 cwts. per foot, the 
gross useful load=32 ewts. per foot, and T=80 cwts. 
per square inch, the weight of the stiffening girder, 


in terms of the useful load, will be = os ; and the 
Sy 

total load on th =1 

otal load on the chains +TE500° 


We have the strain in ewts. per square inch on the 
chains due to the suspension portion of the bridge 
equal 


t= 0265/2564 00168. 


Span in feet. ea Ports de nel yan 
300 13.5 7's é 
400 18.6 
500 94 
600 29.4 
700 85 : 

800 40.8 

900 46.8 

1000 53 

1100 59.4 

1200 66 

1300 73 

1400 80 ay $ 


The total weight of iron in the suspension portion 
of the bridge and in the stiffening girder will be ex- 
pressed in terms of the useful load by the equation: 


; Sy t Sy ie 
Multiples 24 
re? 5000 | sae (1+ 15000 ‘ 


PIE LT ee ee ae ee ae 
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Taking y=5+.0035, the results are as follows: 


. S2 : 
Span in feet. s5a00. Multiple. 
300 12 06 
400 Aq Ray) 
500 22 16 
600 ai 1.02 
700 200 1.4 
800 29 19 
900 AG 2.6 
LOUO Ray) 3.5 
1100 61 5A 
1200 .68 8.7 
1300 me 7 19.4 
1400 er) 


Type 10.—Suspended Girder. 


A perfect suspension bridge would be a structure 
combining the rigidity of a girder with the lightness 
characteristic of the formersystem. In attempting to 
arrive at this desideratum, the question naturally 
suggests itself, what is the fundamental difference 
between the two systems, giving them these attributes 
of rigidity and lightness respectively? Now, the 
girder is rigid because the depth of bracing, and con- 
sequently the resistance offered to change of form, is _ 
comparatively large; and the suspension bridge is 
light, because the compression member of the girder 
is dispensed with; for although an equivalent resist- 
ance must be supplied elsewhere in the land chains 
and anchorage, yet the mass of metal so employed 
does not add to the load on the bridge, as it would 
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have done had it been in the form of a compression 
member. 

Let us imagine an inverted bowstring girder, the 
top compression member being straight, and braced 
to the curved tension member in the usual manner, 
then it must be granted that this girder will present 
equal rigidity with the bowstring type, and that it 
will also require about the same mass of metal in its 
construction. But the problem to be solved is how 
to reduce the mass without impairing the rigidity; 
and, from what we have already observed, it will be 
seen that this can only be effected by transferring a 
portion, or the whole, of the metal required in the 
top member to some other pomt where it will be 
equally efficacious, and will not add to the load on 
the girder. 

Now, the strain on the top member of the girder is 
compression (+), and it is obvious that if we can put 
an initial tension (—) on that member, the resulting 
strain to be provided for will be the difference be- 
tween those strains, and the mass of metal required 
will be proportional to that difference. We shall 
now show how, by avery simple contrivance, we 
shall be enabled to put any required degree of initial 
tension on the top member of our girder, 

Let one end of the girder be made fast to its pier, 
and let the other end, instead of resting immediately 
on the pier, be suspended by an inclined link from it; 
then, by the resolution of forces, it follows that the 
initial tension on the top member will bear the same 
ratio to the entire weight of the bridge as the hori- 
zontal component of the inclination of the link bears 
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to double the vertical component. It follows from 
this that if the inclination of the link be tangential to 
the curve of equilibrium, due td the load, the initial 
tension will just neutralize the final compression. As, 
however, the direction of the tangent to the curve of 
equilibrium varies with the position of the rolling 
load, whilst the inclination of the link necessarily re- 
mains constant, we shall have to reserve a certain 
proportion of the compression member to meet the 
consequent strains. We have, nevertheless, by this 
arrangement, disposed of the great mass of the com- 
pression member without impairing the rigidity or 
the freedom of movement under changes of tempe- 
rature, pertaining to the ordinary bowstring girder. 

The “suspended girder,” as, for want of a better 
name, we have christened the foregoing type, was, to 
the best of our belief, first introduced by Mr. Fowler, 
who proposed constructing his 750 ft. span high-level 
bridge over the Thames on that principle. There can 
be no doubt that, had that structure been carried out, — 
the great depth of bracing maintained at the centre 
of the span—the point of maximum deflection— 
would have secured for it almost perfect immunity 
from those vibrating impulses which, although not 
appearing in theoretical calculations, manifest them- 
selves in a very palpable manner in ordinary “ rigid” 
suspension bridges. 


Dead Load. 


With a dead load uniformly distributed, the mass 
of metal required will be similar to that employed in 
the suspension portion of our last type. ‘The strain 
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in cwts. per square inch due to the weight of the 
structure itself will therefore be: 


1=.08( 7180 J”). e 


Rolling Load. 
The mass reyuired in the suspension portion will be 


the same as that for a dead load =0(S+7), That 


of the bracing will be identical with the corresponding 
7 14d?_ 8 
—), The 
s+5). 7 
mass of the compression member necessary to be re- 
tained in order to provide for the strains resulting 
from the unequal distribution of the rolling load, will 


members of the bowstring girder=a( 


_-be .27aS. Taking « and y coefficients as before, the 


total mass for each square inch sectional area of chains 
will be: | 

21d*y 

io. 

But mass x }th span x .03 cwts. equals the moment 


in cwts. 


1.47Sa+ 


p= 08(.18S2 + 2.62d?y). 


ley therefored= Ay st ls and 
2ly 38 ce 


the strain in cwts. per square inch== , will be: 


t=.08(148. ne 
ax 


~ Mixed Load. 


Assuming, as in previous instances, the mixed load 
to be composed of ? rolling and } dead load, the mean 
7 


Now economic d?= 
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coefficient will be 14x 3+.71x4=1.23; or taking 
the coefficient .71 as the unit of measurement, that for 


the mixed load will be 1.28 = 1.73 times that amount. 


a 


Hence the strain in cwts. per square inch due to the 
weight of the structure for carrying a railway will be: 


ao 0218e, |Y (1. 73— ar). 


— 


Putting a=.021 se JY , when v=1.25 _ y=3.2+ 
x 


0025, we have: 


a=.0265/9.84 00168. 
Taking the limiting strain T=80 cwts. per square 
inch we have: 


Le een 
804.780’ 
which equation gives the following results: 
Span in feet. bdigbndictei = Depth. 
300 21 4 
400 27.5 
500 34 
600 40 
700 46 
800 51.5 
900 57 
1000 62 
1100 67 
1200 715 
1300 76 
1400 80 t 
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The multiple i é _ will have the following values: 
Span in feet. Multiple. 
300 24 = 26 
400 ay a 2 
52-5 
500 3% = 74 
600 40 a 1.00 
700 £6 ox 1.85 
800 51-5 = 1.82 
: 28-5 
900 - nos 2.48 
1000 o = 3.38 
1100 $4 a 5.16 
1200 7228 = 8.40 
1300 ws ms 19.00 
1400 = 00 


Type 11.—Straight Link Suspension. 


We have found the mass of our last type girder to 
be similar to that of the bowstring, less a large pro- 
portion of the compression member ; and in the same 
manner it can be shown that our present type will be 
equal to that of the straight-link girder, minus the 
whole of the compression member, together with a 
certain proportion of the mass of the verticals affected 
thereby. All our remarks, with reference to the de- 
flection and the conditions of the straight-link girder, 
will, mutatis mutandis, apply equally to the straight- 
link suspension; consequently, it will be merely 
necessary here to effect the requisite modifications in 
our former calculations. 


TR; 
os imei ae ek 
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Rolling Load. 
The mass of the ties will be the same as before, 


= o( Sot 120) But mass x 4 span x .03 cwts. 


=moment in cwts.; therefore, for 1 square inch, 
re se 
ape 3): 


6 
N aah =strain in cwt. per square inch; and since 
4S? S tae 
economic d?= e we have d=s5./~:; and the 
2Ty 2.BN y? 
strain o 
(=.08(.76Se AG 
sa | 
Dead Load. 


The mass of the ties will be the same as for the 


rolling load = a(S Te Y as), That of the verticals 


will be the additional amount of a( aa). The total | 


mass of the girder consequently will be: 
lid? 
Q. y 
a OT aah 
But mass x }'span x .03 cwts.= moment in ewts.; henee, 
if a=1 square inch, 


Loan (ce ay 


2 eer 


'* 


282 
Since economic d?= Tiy we have d= 9 258—| 2 and . 


the strain in cwts. per square inch equal to 


=.03(.98 Sa 2) 


fe 
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Mixed Load. 
Putting .03.98 Sx ( 4 2) =a, we have, when v= 


4 6; 


1.25, and y=3.2+.0028, a=.0878/9.564.00168; 


and the strain in cwts. per square inch due to the 
weight of the straight-link suspension bridge for a 
railway will be equal to: 

Si ead 

: a lp 
Taking the limited strain T=80 cwt., we obtain the 
following results: 


t 


Strain in cwts. 


Span in feet. per square inch. Depth. 
300 16 4 
400 22 
500 28.6 
600 00.2 
700 | , £3.8 
800 51.8 
900 61.7 

1000. 71.6 
1100 82.5 l 


The weight of iron in terms of the useful load will be 
as follows: | 


Span in feet. Multiple. 
300 16 ne 25 
4.00 22 as 38 
500 28-6 ze .56 
51-4 

600 35-2 = 18 
44-8 

700 >5 ee 1.22 
36-2 

800 ous = 1.85 


~I 
* 
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Span in feet. Multiple. 
900 bee = 3.57 
18-3 
1000 re 2s 7.53 
1100 = oe) 


Having thus ascertained the weight of iron, in terms _ 


of the ‘‘useful” load, required in the construction of 
each of our type girders, the first stage of our in- 
quiry is brought to a termination. It will now be 
necessary to determine the specific amount of the 
load in each instance, as upon that depends the weight 
of the main girders, and then to ascertain the weight 
of iron required in each bridge, exclusive of that 
amount; for it is obvious that the respective advan- 
tages of the different systems can only be fairly tested 
by a comparison of the gross weight of iron required 
in the complete construction of the bridge in each 
instance. We shall not, therefore, waste time in giving 
a summary of the results in their present incomplete 
form, but proceed at once with the necessary steps 
for obtaining a final result. : 

Now the gross “useful” load on the main girder 
will be made up of the following elements: 1st, the 
horizontal bracing necessary to insure the lateral 
stability of the platform, &.; 2d, the girders car- 
rying the platform, consisting of cross girders, with 
longitudinal bearers between each pair, and under 
each rail; 8d, the platform covering, including the 
permanent way; 4th, the rolling load. The first two 
elements will obviously affect the gross weight of iron 
in the bridge in a double degree, as not only will their 
own proper weight appear in the sum-total, but it will 
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also affect that amount indirectly, by throwing the 
additional load on the main girders due to their 
weight. As the joint weight of the bracing and. the 
platform-girders will be governed partly by the span 
and partly by the type of the main girders, it will be 
necessary to estimate the amount for each individual 
case. 

To carry a double line of railway, the weight of 
the platform-girders will be about 7 ewts. per foot run 
of the bridge; and this amount will increase in a cer- 
tain ratio with the span, as the width of platform 
assumed in the instance of the 300 ft. span would be 
wholly inadequate to secure lateral stability at the _ 
higher spans. Now, the maximum span, to which we 
shall have occasion to refer, will be about 3200 ft. ; 
and in order to obtain the required degree of lateral 
stiffness at that span, the effective depth of the hori- 
zontal bracing should not be less than 100 ft., and 
consequently, the span of the cross girder must be at 
least 100 ft., although possibly no greater length than 
25 ft., at the centre, will be occupied by the railway 
proper. Assuming, then, for the 3200 ft. span, cross- 
eirders 100 ft. span and 80 ft. apart, with longitudinal 
girders of that span under each rail, the weight of iron 
in the platform would be as follows: 


Total weight of the four girders under rails = 42 
ewt. per foot run of bridge. 
Weight of cross girder=5} cwt. per foot run. 
54 x 100 
30 
The total weight of the platform-girders, will, there- _ 
fore, be=4%+181=23 cwt. per foot run of the bridge. 


= 18: ewts. per foot run of bridge. 
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The heaviest class of horizontal bracing required 
in any of our type constructions we shall assume to be 
equal to 3ths the weight of the preceding platform 
girders. The total weight of iron required, in addition 
to that of the main girders, will, therefore, be as 
follows: 


800 ft. span, 12x 7=11 cwts. per foot span. 
By AU] i 12x 28=237 . 


Now, 11 : 87: : 2/300 : $/3200 (nearly); conse- 
quently, the weight of iron in the platform girders 
and the heaviest class of horizontal bracing will 
be expressed by the simple equation: 

Weights in ewts. per foot run of bridge=3/Span in ft. 


The remainder of the load on a long-span railway 
bridge may be considered as a constant amount for all 
spans, equal, for the double line, to 40 ewts. per foot 
run of the bridge. It follows, therefore, that the 
useful” load in cwts. per foot run (L), to be carried — 
by any girder, will be expressed generally by the 
equation: 


For the heaviest description of horizontal bracing, 
we have found the value of x to be 3. Substituting 
the proper values for the various required degrees of 
lateral strength, and classifying our type forms ac- 
cordingly, we obtain the following equations for the 
“useful” load : 


Types 1,2. Bde c,, L=404+ 32 /S__ 
- DBL, Gane L=404+ 3747S. 
een Ae tle Deere L=40+ 4VS° - 
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Now, W being the gross weight of iron in cwts. per 
foot span required in the construction of a bridge, and 
M the multiple arrived at in our previous investi- 
gations for the particular case under consideration, we 
have: 
W=ML+L—40. 
Substituting the given values of M and L in this equa-. 
tion, we obtain the results shown in the following 
_ tabular form: 


Type 1.— Box Girders with Plate Webs. 


Span in feet. M. L—40. . W. 
800 86 £iS 55 
400 io 138.3 93 
500 2.6 15 156 
600 5.6 16.3 bal 

700 25 17.6 1458 

Type 2.—Latiice Girders. 
300 OL thd 38 
400 87 13.8 60 
500 1.5 © 40 96 
600 2.83 16.3 179 
700 8.3 Lis 496 
Type 38.—Bowstring Girders. 

800 Le 11.5 37 
400 19 13.3 56 
500 1.19 15 * .BUe- 
600 1.86 - 16.8 120 
700 3 17.6 190 
800 5.10 18.8 822 


900 15 20 920 
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Type 4.—WStraight Link and Boom. 


Span in feet. M. L—40. W. 
300 A 11.5 32 
400 A2 13.5 52 
500 1.28 15 102 
600 2.61 16.3 164 
700 9.97 17.6 593 

Type 5.—Cantilever Lattice. 
300 39 10.1 29 
400 61 11.7 43 
500 88 13.1 59 
600 1.23 14.2 80 
700 i. 15.4 109 
800 2.5 16.4 157 
900 3.6 17.4 225 
1000 5.438 18.4 334 
1100 9.25 19.3 578 
1200 21. 20.3 1469 
Type 6.— Cantilever Lattice, varying depth. 
300 3 10.1 25 
400 A6 117 30 
500 65 13.1 47 
600 88 14.2 62 
700 1.2 15.4 82 
800 1.61 16.4 107 
900 217 17.4 142 
1000 2.96 18.4 191 
1100 4.15 19.3 265 
1200 re 20.3 388 
1300 11.2 214 705 


1400 22 21.8 1380 
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| Type -7.— Continuous Gurder, varying depth. 
Span in feet. M. L—40. W. 
7 38 10.1 25 
A6 9 Be 35 
500 65 181 47 
600 85 14.2 60 
700 7 15.4 2 6 
800 | 1.33 . 16.4 91 
900 1.61 17-4 110 
1000 1.84 18.4 128 
1100 2.1 19.3 144 
1200 a5 (ees 169 
1300 ERY S41 199 
— 1400 3.37 21.8 230 
1500 8.91 22.6 267 
1600 4.58 23.3 312 
1700 5.85 24.1 366 
1800 6.47 24.6 449 
1900 C788 25.3 546 
2000 — Te BEE 715 
2100 14:32 - 26.6 981 
C0 27.3 1875 
2300: 29 28 2000 


‘Type 8.—Arched Ribs with Braced Spandrils. 


300 | A2 1% 36 
400 .63 cay! 44 
500 RY] 13.1 60 
600 1.22 14.2 80 
700- 1.55 15.4 
800 2.2 16.4 

3 17.4 


* 
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Span in feet. M. L—40. Ww. 
1000 4.3 18.4 268 
1100 6.5 19.3 408 
1200 11.8 20.3 TOL 
1300 30 21.1 1850 


Type 9.—Suspension and Stiffening Gurder. 


300 06 8.6 26 
400 8 10 36 
500 16 11.2 50 
600 1.02 12.2 65 
700 14 13.2 87 
800 1.9 14.1 116 
900 2.6 15 158 
1000 3.5 15.8 211 
1100 5.4 16.6 322 
1200 8.7 17.3 515 
1300 19.4 18. 11438 


Type 10.—Suspended Girders. 


300 36 8.6 26 
400 O2 10 36 
500 4 11.2 49 
600 i - 12.2 64 
700 1.85 18.2 85 
800 1.82 14.1 113 
900 2.48 15 152 
1000 3.38 15.8 204 
1100 5.16 16.6 308 
1200 8.4 17.8 500 


1300 19 18 1120 
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Type 11.—Straight Link Suspension. 


Span in feet. M. L—40. ak 
300 5 8.6 a1 
400 38 10 30 
500 6 11.2 40 
600 18 12.2 53 
700 1.22 13.2 78 
800 1.85 14.1 114 
900 3.37 15 200 

1000 | 7.53 15.8 436 


We have now before us the gross weight of iron 
per foot span required in the construction of bridges 
of every class of design, not absolutely eccentric, as 
we maintain those structures must be which cannot 

be referred to one or the other of our types. 

_ The weight per foot of the main span will not in 
itself represent the comparative cost of the super- 
structure even—much less, as we have shown at the 
commencement of these papers, that. of the entire 
bridge. With the exception of the first four, all our 
type constructions are dependent upon extraneous aid 
for their stability, and the proportional cost of that 
portion spread over the whole span must obviously 
be included in the proper weight of the span itself 
before a comparison can be made with either of the 
independent girders, where such provision is unne- 
cessary. Thus, given a viaduct of three spans, the 
centre opening being double the others, then the 
‘average weight per foot of the superstructure, if con- 
structed with independent girders, would obviously 

8 
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be the mean weight per foot of the large and small 
spans; whereas, should some other system, such as 
the cantilever, be adopted, the average weight per 
foot would be that due to the long span throughout. 
We shall defer for the present, however, this branch 
of our inquiry, and proceed at once with the adap- 
tation of our formule to steel structures. 

As we do not purpose making a digression on the 
subject of the comparative strength and other advan- 
tages of steel, our paper having already exceeded the 
proposed limits, we shall have little more to present 
than the tabular results given by the slightly modified 
formule for similar iron structures. 

The general conditions of the several types will be 
little influenced by the substitution of the new ma- 
terial. The deflections will be proportionally the 
same, although, of course, the specific amounts will 
be greater on account of the higher value of the 
limiting strain. The comparative weights of metal 
required in the construction of steel and iron long- 
span bridges will vary in a much higher ratio than 
the mere ultimate resistances of the two materials. 
Thus, if the strain due to the weight of the girder 
itself be 50 cwt. per square inch, there will, with a 
limiting strain of 80 cwt. per square inch, remain 
80—50=30 cwt. per square inch available for the 
“useful” load; whereas, had the limiting strain been 
180 cwt., the residue would have been 180—50=80 
cwt. per square inch; consequently in such an instance, 
although the ultimate resistance of the two materials © 
are only as 13: 8, the practical available strengths 
would be as 8:8, or about 12 times the amount 
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which might at first sight have been expected. We 
shall consider a strain of 130 cwt. per square inch on 
steel to represent the same factor of safety as a strain 
of 80 cwt. per square inchon iron. This will be well 
within the limits, and we take it purposely, so to avoid 
all exaggeration of the probable advantages accruing 
to steel as the material for long-span bridges. We 
shall not make any special modification in our for- 
mule on account of the slightly increased specific 
weight of steel, but include all necessary changes in 
the altered values given to the coefficient y. It will 
be unnecessary to give the process in the same detail 
as before; we shall merely give the final formule 
and the combined tables for each type. } 


Type 1.— Box Girders with Plate Webs (Steel). 


As the same causes which make this a disadvantage- 
ous form for a long-span iron bridge operate with still 
greater effect when steel is the material employed, we 
do not consider it necessary to investigate the con- 
ditions of this type in the present instance. 


Type 2.—Lattice Girders (Steel). 


The weights of the platform girders and bracing in 
steel we shall take to be 2 of their former amounts, 
but we shall in all instances add five per cent. for con- 
tingencies to the value of W as given by the formule. 
The notation will remain as before; that is, S=span in 
feet; T=limiting strain=130 cwt. per square inch; 
x and y coefficients depending upon the practical con- 
struction of the girders; ¢ thestrain in hundred-weights 
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per square inch resulting from the load of the struc- 
ture itself; M the weight of iron in terms of the 
“useful” load (L); and W the gross weight of “iron 

per foot run of the entire bridge. | 


t=.03 Sy. When y=2.7+.001 S, we have: 


t 4 
M= iy L=40+ 9 
 W=ML+L—40. 
Span in feet. t M. 
d00 04.2 319) 
400 46.8 06 
500 60 8 
600 74.8 1.35 
700 88.2 2.11 
800 103.2 0.80 
900 118.8 10.6 
1000 135 ee) 


t=.105 S+.000038 S*. 


W. 

25 
38 
52 
83 

126 

225 

607 
ie @) 


Type 8.— Bowstring Girder (Steel). 


ee 1.44¢T 
T+ 44a 


Wheny=4.2 + 0028, wehavea= .048./3.86 + .0016S 


500 
400 
500 
600 
700 


Me L=404+7° V8 


Dek 
W=ML4L—40. 
81. 31 
415 A6 
515 65 
61.5 89 
71 ts 


24 
33 
45 
59 
78 
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Span in feet. t M. W. 
800 80.5 1.62 102 
900 90 2.25 140 
1000 98 3 184 
1100 103.5 3.9 238 
1200 Vt tio 8 480 
1300 123 17.5 1047 
1400 131 co ore 


Type 4.—Straight Link Girder (Steel). 


Wheny=4.2 +.002S, we havea=.059 8./3.86+.0016S 
t 415 
Meet Led). {> 
7 ee 


—— 


W=ML4L—40. 


mo. © 24 24 21 
400 35.8 38 29 
500 46.2 55 40 
B88 83 Bd 
700 715 the 78 
800 86.5 199°, . 193 
900 101.6 £58 2i4 

1000 124.6 gat. Ieee 

1100 140.7 cs 0 


Type 5.—Cantilever Lattice, uniform Depth (Steel). 


t= / 968 +.008S?+32000—179. Wheny=3.3+.0018 - 
th Thee 
ori ede 
8(T — 2) is 
W=ML+L—40, 


8* 
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Span in feet. t M. Ww. 
300 22 29 22 
400 30 45 31 
500 08 62 42, 
600 46 86 54 
700 54 1.138 70 
800 63 1.5 91 
900 70 1.93 116 

pit: aoe 78 2.53 152 
1100 86 0.04 198 
1200 95 4.74 280 
1300 103 6.76 397 
1400 Lil ii 650 
1500 120 22 1288 
1600 128 120 7000 
1700 137 00 00 


Type 6.— Cantilever varying Economic Depth (Steel). 
t= S218 + .0068?+ 3200—179 


mo. a C1 
1. 5 meiner 
W=ML+L—40. 

300 18 23 19 
400 94 82 94 
500 31 AY 33 
600 37 61 Au 
700 44 79 48 
800 50 1.0 64 
900 58 ae 76 
1000 64 1.57 98 


1100 71 1.98 124 
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Span in feet. 


1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 


t. 
79 

85 

91 

98 
106 
113 
120 
128 
134 


M. 
2.6 
0.209 
4 
5.35 
7.84 
12.0 
22 
120 


00 


W. 
158 
195 
242 
315 
481 
720 
1326 
7150 


19.0) 


87 


Type 7.—Continuous Cirder, varying Economic Depth 


(Steel). 
an+38mb 7 
M= ace ae 1 phepliee 4d 
W=ML+ L—o0, 

Span in feet. - M. W. 
300 20 19 
400 on 24 
500 AT 383 
600 61 41 
700 19 48 
800 27 63 
900 1.15 15 

1000 1.3 84. 
1100 1.5 96 
1200 4a 109 
1300 4ot 123 
7400 2.12 137 
1500 2.37 152 
1600 2.63 168 
1700 2.94 189 
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Span in feet. M. Ww. 
1800 3.26 210 
1900 3.67 237 
2000 4.08 264 
2100 4.6 297 
2200 5.13 352 
2300 5.93 385 
2400 6.7 45-4 
2500 7.8 506 
2600 9 585 
2700 11 716 
2800 13.2 861 
2900 17.5 1141 
3000 24.9 1625 
3100 52 2831 
3200 11.8 7000 
4000 ee) oo 


Type 8.—Arched Ribs with Braced Spandrils ( Steel.) 


_ 2aT 

T+a 

When y=4.5 + 0025S, we have a=.0265/3.6 + 00165 
Mtn! so ied 


t 


T—t 18 
W =ML+L—40. 

Span in feet. i. M. W. 
300 27.6 27 21 
400 36.8 29 28 
500 44.8 2 @ 36 
600 53.2 .69 46 
700 58.5 87 57 


800 68 11 71 
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Span in feet. t. 
900 74.8 
1000 81.5 
1100. 87 
1200 94.5 
1300 100 
1400 105 
1500 110 
1600 116 
1700 120 
1800 124 
1900 128 
2000 1338 


M 


1.68 
2.02 
2.66 


3.00 - 


42 
5.9 
8.3 


12.2 
20.7 
64 


e.) 


1.35 
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Type 9.—Suspension with Stiffening Girder (Steel). 


t= .0265./3.386 + 0016S. 


When y=4.2+.0028. L=404+18. 
t When y,=5+ 


i Sy 
20000 


500 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 


fy. 
radi 


0038, W=ML+4L—40. 


15.3 
20.8 
26.5 
89.4 
88.5 
44.8 
51.8 
58 

64.9 
72 

79 


sy 
20000 


23 
4 
Ad 
6 
Ay 
97 
1.22 
1.52 
1.9 
2.38 
2.98 


17 
24. 
dl 
39 
49 
60 
74 
91 
1138 
148 
175 
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Span in feet. t. M. W. 
1400 87 5.92 228 
1500 95 5 289 
1600 101 6.98 | 402 
1700 109 10.51 600 
1800 117 18.34 1055 
1900 125 51.5 2910 
2000 134 oo or) 


Type 10.—Suspended Girder (Steel). 
_ 1.8eaT 
T+ .73a 
Wheny=4.2 +.002S, we have a=.0265./3.36 + 0016S. 
t | 
M=— _ L= 1 
a L=s0+4Vvs 
W =ML+L—60. 


t 


500 24.4 23 17 
400 31.6 2 22 
500 39.7 Ad 28 
600 47.5 OT 36 
700 53.7 2 44 
800 64.5 9 54 
900 69 1.13 66 
1000 19.5 1.4 81 
1100 82.5 1.74 102 
1200 88 2.14 124 
1300 95 2.0 152 
1400 101 3.3 186 
1500 | 105 4.2 234 
1600 110 5.0 307 


1700 117 9 500 
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Span in feet. te M. W. 
1800 128 17.5 961 
1900 127 42.3 2320 
2000 1382 ea) 00 

| Type 11.—Straight Link Suspension (Steel). 

pail 18aT 
T—.22 a 


When y=4.2+.002 8, we have 


t oo 
ee =-4 i 
M=,—, L=40+4v¥. 


—— 


W =ML+L—40. 
500 17.8 16 14 
400 24.2 7 23 18 
500 31.5 3 23 
600 39.4 Ad 30 
700 48 08 38 
800 56.5 was 49 
900 64.6 96 60 
1000 73 1.28 78 
1100 84.5 1.86 110 
1200 95.5 2.77 160 
1300 109 5.2 068 
1400 118.8 10.6 597 
1500 129.5 d09 2000 


1600 oe 


The results of our various investigations are shown 
collectively in a graphical form in diagrams Nos. 1 
and 2, the curved lines of which are obtained by 
plotting the gross weight of metal in cwts. per foot 


92 LONG-SPAN RAILWAY BRIDGES. 


span, given in the final tables for each type, to the 
vertical scale of 100 cwts.to the inch. A careful 
inspection of these diagrams will enable us easily to 
trace the comparative merits of the respective systems 


as far as the superstructure of the main span itself is 


involved, and to note the varying influence of the 
span in each instance. A glance will be sufficient to 
assure us that the several types do not maintain the 
same relative economic positions throughout, since in 
many instances the lines cross one another, showing 
that, at the span corresponding to the point of inter- 
section on the diagram, the weight of metal required 
in the construction of a bridge on either of the sys- 
tems in question will be identical. 

Briefly summarizing the results indicated in the 
diagram for iron structures, we find that at the span 
of 300 ft. Type 11—the straight-link suspension 
bridge—obtains an advantage of some 20 per cent. over 
any other system, and that it maintains a certain ad- 
vantage of diminishing value up to 700 ft. span, when 
it has to resign the lead to Type 7—the continuous 
girder of varying depth (Sedley’s patent)—which 
type maintains a rapidly increasing advantage over 
all others up to the limiting span. These two forms 
of construction, then, within their own proper spheres, 
appear to be the most economical possible, as far as 
regards the superstructure of the main span. Of 
course it is quite possible that in numerous instances 
anchorage could not be obtained for the suspension 
bridge, except at a cost which would render even our 
heaviest type—the box girder—a more economical 
form of construction. 


Joe eee 
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The system following next in order in the scale of 
economy is Type 6, the cantilever lattice girder of 
varying depth, which maintains its relative position 
throughout, unaffected by the specific length of span. 
Types 9 and 10, the suspension with stiffening girder, 
and the suspended girder, succeed the last-named one. 
Although palpably different both in principle and 
appearance, the respective weights are almost identical 
throughout, being, up to 700 ft. span, little different 
to the preceding type. We now come to Type 5— 
the cantilever lattice girder of uniform depth—fol- 
lowing closely on the heels of the last two systems up 
to 600 ft. span, when it is superseded by Type 8—the 
arched rib with braced spandrils. The independent 
girders, as might fairly be expected, occupy the lowest 
place on the lst, although at 300 ft. span Type 4— 
the straight-link girder—shows a slight advantage 
over the arch. Within the limits of 400 or 500 ft. 
span, the straight link is the most economic form of 
the independent girder; above that span the bowstring 
girder surpasses it. Types 2 and 1, the lattice and 
box girders, conclude the list. 

We have already insisted that the order of economy 
thus exhibited holds good only with reference to the 
superstructure of the main span, and that it does not 
represent the comparative costs of complete structures 
on the different systems, for which, indeed, no general 
rule could possibly be given. Some of our types 
require loftier and, cxterts paribus, more expensive 
piers than others; thus the piers for a suspension 
bridge will be higher than those for an arch, and the 
Jand-chains required in the former system will be 
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another cause of excess. Probably the fairest way of 
arriving approximately at. the true relative economy 
of the different systems in ordinary cases will be by 
ascertaining the gross average weight of iron per foot 


run required in the construction of viaducts consisting | 


of three spans, of which the side spans are one-half 
the opening of the centre one. Under these circum- 
stances, with the exception of the independent girders, 
the average weight per foot run will be that due to 
the long span, whilst in those instances the smaller 
weight per foot of the side span will reduce the ave- 
rage weight per foot of the entire structure, as may be 
seen by the comparison of the following tables with 
former ones :— 


S=span of centre opening; _- span of side openings. 


W =average weight of iron in-cwts. per foot run 
of bridge. 


* 


Iron Girder Viaduets. 
Box. Lattice. Bowstring. Straight link. 


S. W. WwW. W. - ee 

000 t+ o2 ol 27 

* 400 66 45 43 og 

500 102 65 57 65 

600 193 109 79 98 

700 766 278 118 318 
800 189 


900 494 


eet , wee ‘ " 
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Steel Girder Viaducts. 


Lattice. Bowstring. Straight link. 

S. Ww. W. W. 
300 21 21 18 
400 29 26 2d 
500 37 34 00 
600 o4 42 38 
700 79 54 52 
800. 1382 68 76 
900 326 90 125 
1000 | 115 672 
1100 145 
1200 270 
1300 | 558 


From the preceding tables it is at once apparent 
that, at the shorter spans, the difference of weight 
between the independent girders and those dependent 
upon some extraneous means of support is much less 
marked than before. Indeed, in some instances the 
conditions are reversed; thus, at 300 ft. span both the 
lattice and bowstring girders show a certain positive 
advantage over the arch, which the more economical 
system of the straight link retains up to 400 ft. span 
even. 

The positions of the several types in the scale of 
economy would, obviously, be again shifted if the 
side spans were taken at a different ratio to the main 
_span than 3; but we believe it is unnecessary on that 
account to extend our investigations. 

Of the numerous practical considerations and con- 
tingencies to be duly weighed and carefully estimated, 
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before the fitness of a design for a long-span railway 
bridge could be satisfactorily determined, none are 
more important than those affecting the facility of 
erection. In the majority of instances scaffolding 
would impose a most extravagant charge on the 
finished structure for mere temporary works, even if 
the adoption of it were not practically prohibited by 
the necessity of maintaining the navigable channel— 
across which, probably, the bridge has to be thrown— 
free from all obstructions. 
Under such circumstances there are obviously but — 
two alternatives: the bridge must either be built at 
the nearest available spot, and lifted or slid bodily 
into place; or the design must be such that the struc- 
ture may be built zn situ, without adventitious support. 

The latter alternative is incapable of application 
to either of our first four types—the independent 
girders. The method adopted in the instance of the 
Britannia bridge, where the tubes were built on shore, 
floated, and lifted into place, is an example of the 
former alternative applied to a box girder; and 
Schwedler’s six-span bridge, each span of which was 
conveyed in a set of six-wheel wagons to the required 
spot, and lifted bodily into the place by four hy- 
draulic presses, illustrates the adaptation of the same 
system to a bowstring bridge. 

The more convenient process of constructing the 
bridge in the position it is permanently to hold may, 
in one form or another, be employed for any of our 
type forms, not being one of the first four. It was 
proposed to build Mr. Fowler’s Severn bridge in suc- 
sessive bays projecting from each side of the two main 
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piers, carrying on the process till the two opposing 
centre halves met, and formed a continuous structure. 
The large cantilevers of Sedley’s bridges are all built 
in a similar manner, and the small centre girder is 
lifted or slid into place. 

In an arched bridge, to be erected without scaf- 
folding, temporary ties in some form are indispensable. 
If it is to be lifted into place, the feet of the ribs must 
be tied together; and if it is to be built in position, 
the arched rib must be tied back to the abutments, as 
proposed in the first design for the Britannia bridge. 

Types 9, 10, and 11 might all be dealt with in a 
manner analogous to that by which the Ohio suspen- 
sion bridge was successfully erected. Wire ropes 
were paid out over the stern of a vessel, and laid on 
the bed of the river, as if they were electric cables. 
At convenient times they were smartly hoisted up to 
the summits of the towers, and a slight platform placed 
on them to facilitate the construction of the main 
cables. 

If due consideration be given to these and other 
special conditions affecting each individual case, we 
think, with the assistance of the tables already given, 
there will be little difficulty in ascertaining with a 
considerable amount of accuracy the most suitable 
form of construction possible for any “ long-span 
raviway bridge.” 
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fied that it is adapted not only to the use of extensive distil- 
lers, but for every farmer, or others who may wish to engage 
in the art of distillmg By M. La Fayrerre Brry, M.D. 
With numerous engravings. In one volume, 12mo. $1 50 
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BYENE.— POCKET BOOK FOR RAILROAD AND CIVIL ENGI- 
NEERS: 


Containing New, Exact, and Concise Methods for Laying out 
Railroad Curves, Switches, Frog Angles and Crossings; the 
Staking out of work; Levelling; the Calculation of Cut- 
tings; Embankments; Earth-work, etc. By O1uiver Brann. 
Illustrated, 18mo., full bound . : ‘ ; . $1 75 


BYRNE.—THE HANDBOOK FOR THE ARTISAN, MECHANIC, 
AND ENGINEER: 


By Otiver Byrne. Illustrated by 185 Wood Engravings. 8vo. 
$5 00 
YRNE.—THE ESSENTIAL ELEMENTS OF PRACTICAL ME. 
CHANICS: 
For Engineering Students, based on the Principle of Work. 
By Otiver Byrne. [llustrated by Numerous Wood Engray- 
ings, 12mo. : : ‘ ; ; ‘ $3 63 
YRNE.—THE PRACTICAL METAL-WORKER’S ASSISTANT: 
Comprising Metallurgic Chemistry; the Arts of Working all 
Metals and Alloys; Forging of Iron and Steel; Hardening and 
Tempering; Melting and Mixing; Casting and Founding; 
Works in Sheet Metal; the Processes Dependent on the 
Ductility of the Metals; Soldering; and the most Improved 
Processes and Tools employed by Metal-Workers. With the 
Application of the Art of Electro-Metallurgy to Manufactu- 
ring Processes; collected from Original Sources, and from the 
Works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, and 
others. By Oriver Byrne. A New, Revised, and improved 
Edition, with Additions by John Scoffern, M. B , William Clay, 
Wm. Fairbairn, F. R.8., and James Napier. With Five Hun- 
dred and Ninety-two Engravings; Illustrating every Branch 
of the Subject. In one volume, 8vo. 652 pages . $7 00 


DYRNE.—THE PRACTICAL MODEL CALCULATOR: 
For the Engineer, Mechanic, Manufacturer of Engine Work, 
Naval Architect, Miner, and Millwright. By O.iver Byrnes. 
1 volume, 8vo., nearly 600 pages. ; ‘ . $4 50 


eee POSE. — MANUAL OF WOOD CARVING: With Practical II- 
lustrations for Learners of the Art, and Original and Selected de- 
signs. By Wiii1AmM Bemrosz, Jr. With an Introduction by 
LLEWELLYN Jewitt, F. 8. A., ete. With 128 Illustrations. 4to., 
BN ee eal Pe ek ai ae: Mee ed OH 
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AIRD.—PROTECTION OF HOME LABOR AND HOME PRO- 
DUCTIONS NECESSARY TO THE PROSPERITY OF THE 
AMERICAN FARMER: 

By Henry Carey Bairp. 8vo., paper . ‘ . . 10 


‘RAIRD.—THE RIGHTS OF AMERICAN PRODUCERS, AND THE 
WRONGS OF BRITISH FREE TRADE REVENUE REFORM. 
By Henry Carrey Barry. (1870) . : : . 5 


Boe oes OF THE FALLACIES OF BRITISH-FREE-TRADE 
REVENUVE-REFORM. 
Two Letters to Prof. A. L. Perry, of Williams College, Mass. By 
Henry Carey Barrp. (1871.) Paper . . . . 5 


AIRD.—STANDARD WAGES COMPUTING TABLES: 
An Improvement in all former Methods of Computation, so ar- 
ranged that wages for days, hours, or fractions of hours, at a spe- 
cified rate per day or hour, may be ascertained at a glance. By 
T. SPANGLER Bairp. Oblong folio . . : ‘ - $5 00 


PU RAAN -~TREALION ON THE METALLURGY OF IRON. 
Illustrated. 12mo. . . ‘ . " r : $2 50 


ICKNELL’S VILLAGE BUILDER. 
55 large plates. 4to. . . ° : ° : d $10 00 


ISHOP.—A HISTORY OF AMERICAN MANUFACTURES: 
From 1608 to 1866 ; exhibiting the Origin and Growth of the Prin- 
cipal Mechanic Arts and Manufactures, from the Earliest Colonial 
Period to the Present Time; By J. LeanpErR Bisnop, M. D., Ep- 
warp Youna, and Epwin T. Freeper. Three vols. 8vo., 

$10 00 


OX:\—A PRACTICAL TREATISE ON HEAT AS APPLIED TO 
THE USEFUL ARTS: 
For the use of Engineers, Architects, ete. By Tuomas Box, au- 
thor of ‘‘ Practical Hydraulics.’’ Illustrated by 14 plates, con- 
taining 114 figures. 12mo. . ° . ; : . $4 25 


ABINET MAKER’S ALBUM OF FURNITURE: 
Comprising a Collection of Designs for the Newest and Most 
Elegant Styles of Furniture. Illustrated by Forty-eight Large 
and Beautifully Engraved Plates. In one volume, oblong 
$5 06 


HAPMAN.—A TREATISE ON ROPE-MAKING : 
As practised in private and public Rope-yards, with a Description 
of the Manufacture, Rules, Tables of Weights, etc., adapted to the 
Trade; Shipping, Miaing, Railways, Builders, ete. By Rozert 
CHAPMAN. 24mo. . ; ; : 3 : P . Shae 
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RAIK.—THE PRACTICAL AMERICAN MILLWRIGHT AND 
MILLER. 
Comprising the Elementary Principles of Mechanics, Me- 
chanism, and Motive Power, Hydraulics and Hydraulic 
Motors, Mill-dams, Saw Mills, Grist Mills, the Oat Meal Mill, 
the Barley Mill, Wool Carding, and Cloth Fulling and Dress- 
ing, Wind Mills, Steam Power, &e. By Davin Crain, Mill- 
wright. Illustrated by numerous wood engravings, and five 


folding plates. 1 vol. 8vo0. . : . « $5 00 
(}AMPIN.—A PRACTICAY TREATISE ON MECHANICAL EN: 
GINEERING: 


Comprising Metallurgy, Moulding, Casting, Forging, Tools, 
Workshop Machinery, Mechanical Manipulation, Manufacture 
of Steam-engines, etc. ete. With an Appendix on the Ana- 
_ lysis of Iron and Iron Ores. By Francis Campin, C. E. Teo 
which are added, Observations on the Construction of Steam 
Boilers, and Remarks upon Furnaces used for Smoke Preven- 
tion; with a Chapter on Explosions. By R. Armstrong, ©. E., 
and John Bourne. Rules for Calculating the Change Wheels 
for Screws on a Turning Lathe, and for a Wheel-cutting 
Machine. By J. La Nicca. Management of Steel, including 
Forging, Hardening, Tempering, Annealing, Shrinking, and 
Expansion. And the Case-hardening of Iron. By G. Eps. 
Svo. Illustrated with 29 plates and 100 wood engravings. 
6 00. 
AMPIN.—THE PRACTICE OF HAND-TURNING IN WoO0D, 
IVORY, SHELL, ETC.: 
With Instructions for Turning such works in Metal as may be 
’ required in the Practice of Turning Wood, Ivory, etc. Alse 
an Appendix on Ornamental Turning. By Francis Campin , 
with Numerous Illustrations, 12mo., cloth ; - od 00 


‘(\APRON DE DOLE.—DUSSAUCE.—BLUES AND CARMINES OF 
INDIGO. : 


A Practical Treatise on the Fabrication of every Commercial! 
Product derived from Indige. By Frericren Carron DE DOLE 
Translated, with important additions, by Professor H. Dus- 
gance. 12me. 
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6 heeemailisiniaa WORKS OF HENRY C. CAREY: 


CONTRACTION OR EXPANSION? REPUDIATION OR RE- 
SUMPTION? Letters to Hon. Hugh McCulloch. 8vo. 38 
FINANCIAL CRISES, their Causes and Effects. 8vo. paper 


25 

HARMONY OF INTERESTS; Agricultural, Manufacturing, 
and Commercial. 8vo., paper . ‘ : ; . $1 00 
Do. do. cloth A : . $1 50 
LETTERS TO THE PRESIDENT OF THE UNITED STATES. 
Paper ; : Sl be 


MANUAL OF SOCIAL SCIENCE. Colidediels from Carey’s 
‘‘Principles of Social Science.” ze) Kate McKean. 1 vol. 
12mo. “ 2 . , “82-25 

MISCELLANEOUS WORKS: comprising ‘‘ Harmony of Inter- 
ests,” ‘‘Money,” ‘‘Letters to the President,” ‘*French and 
American Tariffs,” ‘‘Financial Crises,” ‘‘The Way to Outdo 
England without Fighting Her,” ‘* Resources of the Union,” 
«The Public Debt,” ‘‘ Contraction or Expansion,” ‘* Review 
of the Decade SAR he asic = etc. etc. 1 vol. 


8vo., cloth : ‘ _ ; : . $4 50 
MONEY: A LECTURE before the N. Y. Geographical and Sta- 
tistical Society. 8vo., paper . : : : ; 25 
PAST, PRESENT, AND FUTURE. 8vo.. . . $250 
PRINCIPLES OF SOCIAL SCIENCE. 3 volumes 8yo., cloth 
$10 00 


REVIEW OF THE DECADE 1857—’67. 8vo., paper 50 
RECONSTRUCTION: INDUSTRIAL, FINANCIAL, AND PO- 
LITICAL. Letters to the Hon. Pisce Wilson, U.S. 8. &vo. 
paper : ; , ‘ : ‘ 50 
THE PUBLIC DEBT, LOCAL AND NATIONAL. How to 
provide for its discharge while lessening the burden of Taxa- 


tion. Letter to David A. Wells, Esq., U. S. Revenue Commis- 
Sion. 8vo., paper . : : ‘ : i 25 


THE RESOURCES OF THE UNION. A Lecture read, Dec. 
1865, before the American Geographical and Statistical So- 
ciety, N. Y., and before the American Association for the Ad- 
vancement of Social Science, Boston ‘ 5G 

THE SLAVE TRADE, DOMESTIC AND FOREIGN; Why it 
Exists, and How me be Extingnished. 12mo., cloth $1 64 
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LETTERS ON INTERNATIONAL COPYRIGHT.  ( 1867.) 
Paper ° ; , ; : ; : 50 


REVIEW OF THE FARMERS’ QUESTION. (1870.) Paper 25 


RESUMPTION! HOW IT MAY PROFITABLY BE BROUGHT 
AROUT. (1869.) 8vo., paper ; s . : 50 


REVIEW OF THE REPORT OF HON. D. A. WELLS, Special 
Commissioner of the Revenue. (1869.) 8vo., paper 50 


SHALL WE HAVE PEACE? Peace Financial and Peace Poli- 
tical. Letters to the President Elect. (1868.) 8vo., paper 50 


THE FINANCE MINISTER AND THE CURRENCY, AND 
THE PUBLIC DEBT. (1868.) 8vo., paper. . 50 


THE WAY TO OUTDO ENGLAND WITHOUT FIGHTING 
HER. Letters to Hon. Schuyler Colfax. (1865.) 8vo., paper 
ae $i 00 


WEALTH! OF WHAT DOES IT CONSIST? (1870.) Paper 25 
(pees A TREATISE ON THE TEETH OF WHEELS: 


Demonstrating the best forms which can be given to them for the 
purposes of Machinery, such as Mill-work and Clock-work. Trans- 
lated from the French of M. Camus. By Joun I. Hawkins. 
Illustrated by 40 plates. 8vo. : . . ‘ . $3 00 


OXE.—MINING LEGISLATION. 
A paper read before the Am. Social Science Association. By 


Ecxiey B. Coxz. Paper . ° : . ° ° 20 
OLBURN.—THE GAS-WORKS OF LONDON: 
Comprising a sketch of the Gas-works of the city, Process of 
Manufacture, Quantity Produced, Cost, Profit, etc. By Zzrau 
CoutBurRN. 8vo., cloth  . : : : : : 75 
JLBURN.—THE LOCOMOTIVE ENGINE: 
Including a Description of its Structure, Rules for Estimat- 
ing its Capabilities, and Practical Observations on its Construc- 
tion and Management. By Zerau Congpurn. Illustrated. A 
new edition. 12mo. : : : $1 25 
OLBURN AND MAW.—THE WATER-WORKS OF LONDON: 
Together with a Series of Articles on various other Water- 
works. By Zeranu Cotsurn and W. Maw. Reprinted from 
‘‘Engineering.”” In one volume, 8vo. j . $4 00 


AGUERREOTYPIST AND PHOTOGRAPHER’S COMPANION: 
12mo., cloth . : . : : : : .* BT Bh 
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IRCES.—PERPETUAL MOTION: 
Or Search for Self-Motive Power during the 17th, 18th, and 
19th centuries. Illustrated from various authentic sources in 
Papers, Essays, Letters, Paragraphs, and numerous Patent 
Specifications, with an Introductory Essay by Henry Dircks, 
C. E. Illustrated by numerous engravings of machines. 


12mo., cloth . ‘ ‘ ‘ ; . ‘ . $8 50 
['©°N.—THE PRACTICAL MILLWRIGHT’S AND ENGINEER’S 
GUIDE: 


Or Tables for Finding the Diameter and Power of Cogwheels ; 
Diameter, Weight, and Power of Shafts; Diameter and Strength 
of Bolts, etc. ete. By Tuomas Dixon. 12mo., cloth. $1 50 


[UNCAN.— PRACTICAL SURVEYOR’S GUIDE: 
Containing the necessary information to make any person, of 
common capacity, a finished land surveyor without the nid of 
a teacher. By AnpRew Dunoan. Illustrated. 12mo., cloth. 
$1 25 
[USSAUCE.—A NEW AND COMPLETE TREATISE ON THE 
ARTS OF TANNING, CURRYING, AND LEATHER DRESS- 
ING: : 
Comprising all the Discoveries and Improvements made in 
France, Great Britain, and the United States. Edited from 
Notes and Documents of Messrs. Sallerou, Grouvelle, Duval, 
Dessables, Labarraque, Payen, René, De Fontenelle, Mala- 
peyre, etc. etc. By Prof. H. Dussaucs, Chemist. Illustrated 
by 212 wood‘engravings. 8vo. . ; ; - $10 00 
[UssaucE.—a GENERAL TREATISE ON THE MANUFACTURE 
OF SOAP, THEORETICAL AND PRACTICAL: 
Comprising the Chemistry of the Art, a Description of all the Raw 
Materials and their Uses. Directions for the Establishment of a 
Soap Factory, with the necessary Apparatus, Instructions inthe @ 
Manufacture of every variety of Soap, the Assay and Determination 
of the Value of Alkalies, Fatty Substances, Soaps, etc. ete. By 
Proressor H. Dussauce. With an Appendix, containing Ex- 
tracts from the Reports of the International Jury on Soaps, as 
exhibited in the Paris Universal Exposition, 1867, numerous 
Tables, etc. ete. Illustrated by engravings. In one volume 8vo. 
of over 800 pages. : =e ar Se : : . - $10 00 
[USSAUCE.— PRACTICAL TREATISE ON THE FABRICATION 
OF MATCHES, GUN COTTON, AND FULMINATING POW- 
DERS, 
By Professor H. Dussavcr. 12mo. : : . $3 00 


« 
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USSAUCE.—A PRACTICAL GUIDE FOR THE PERFUMER: 
Being a New Treatise on Perfumery the most favorable to the 
Beauty without being injurious to the Health, comprising a 
Description of the substances used in Perfumery, the Form- 
ule of more than one thousand Preparations, such as Cosme- 
tics, Perfumed Oils, Tooth Powders, Waters, Extracts, Tinc- 
tures, Infusions, Vinaigres, Essential Oils, Pastels, Creams, 
Soaps, and many new Hygienic Products not hitherto described. 
Edited from Notes and Documents of Messrs. Debay, Lunel, 
etc. With additions by Professor H. Dussaucz, Chemist. 12mo. 

$3 00 

T\USSAUCE.—A GENERAL TREATISE ON THE MANUFACTURE 
OF VINEGAR, THEORETICAL AND PRACTICAL. 

Comprising the various methods, by the slow and the quick pro 

cesses, with Alcohol, Wine, Grain, Cider, and Molasses, as well * 

‘as the Fabrication of Wood Vinegar, ete. By Prof. H. Dussaucg. 

i2mo. $5 00 


UPLAIS.—A COMPLETE TREATISE ON THE DISTILLATION 
AND MANUFACTURE OF ALCOHOLIC LIQUORS: 

From the French of M. Duptais. Translated and Edited by M. 
McKenniz, M D. Illustrated by numerous large plates and wood 
engravings of the best apparatus calculated for producing the 
finest products. In one vol. royal 8vo. $10 00 

{>> This is a treatise of the highest scientific merit and of the 
greatest practical value, surpassing in these respects, as well as 
in the variety of its contents, any similar volume in the English 
language. 

E GRAFF.—THE GEOMETRICAL STAIR-BUILDERS’ GUIDE: 
Being a Plain Practical System of Hand-Railing, embracing all 
its necessary Details, and Geometrically Illustrated by 22 Steel 
Engravings; together with the use of the most approved princi- 
ples of Practical Geometry. By Simon Dz Grarr, Architect. 
Ato. : ; ‘ : ‘ : . . » $5 00 

YER AND COLOR-MAKER’S COMPANION : 
Containing upwards of two hundred Receipts for making Co- 
lors, on the most approved principles, for all the various styles 
and fabrics now in existence; with the Scouring Process, and 
plain Directions for Preparing, Washing-off, and Finishing the 
Goods. In one vol. 12mo. : : s ; . $l 25 
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F,ASton .—A PRACTICAL TREATISE ON STREET OR HORSE- 
POWER RAILWAYS: 
Their Location, Construction, and Management; with General 
Plans and Rules for their Organization and Operation; toge- 
ther with Examinations as to their Comparative Advantages 
over the Omnibus System, and Inquiries as to their Value for 
Investment; including Copies of Municipal Ordinances relat- 
ing thereto. By ALEXANDER Easton, C. E. Illustrated by 22 
plates, 8vo., cloth . ; ‘ i : F - $2 00 


PORSYTH.—BOOK OF DESIGNS FOR HEAD-STONES, MURAL, 
AND OTHER MONUMENTS: 
Containing 78 Elaborate and Exquisite Designs. By Forsyra. 


4to., cloth ° = : ‘ . ‘ ‘ . . ~ $5 O06 

*y* This volume, for the beauty and variety of its designs, has 
never been surpassed by any publication of the kind, and should 
be in the hands of every marble-worker who does fine monumental 
work. 


PATRBAIRN.—THE PRINCIPLES OF MECHANISM AND MA- 
CHINERY OF TRANSMISSION: 

Comprising the Principles of Mechanism, Wheels, and Pulleys, 

Strength and Proportions of Shafts, Couplings of Shafts, and 

Engaging and Disengaging Gear. By Wiii1aM FarrBarrn, 

Esq., C. E., LL. D., F. BR. 8., F. G. S.; Corresponding Member 

of the National Institute of France, and of the Royal Academy 

of Turin; Chevalier of the Legion of Honor, ete. ete. Beau- 

tifully illustrated by over 150 wood-cuts. Inone volume 12mo. 

$2 50 


PAIRBAIRN .—PRIME-MOVERS : 
Comprising the Accumulation of Water-power; the Construc- 
tion of Water-wheels and Turbines; the Properties of Steam; 
the Varieties of Steam-engines and Boilers and Wind-mills, 
By Wiui1am Farrparry, C. E., LL. D., F. R.8., F.G. 8. Au- 
thor of ‘Principles of Mechanism and the Machinery of Trans- 
mission,” With Numerous Illustrations. In one volume. (In 
press. ) 

(JILBART.—A PRACTICAL TREATISE ON BANKING: 


By James WiniiaM GitBart. To which is added: Tur Na- 
TIONAL BANK AcT AS NOW IN FORCE. 8vo. . - $4 50 


ESNER.—A PRACTICAL TREATISE ON COAL, PETROLEUM, 
AND OTHER DISTILLED OILS. 
By ABRAHAM GrsyeR, M. D., F.G.S. Second edition, revised 
and enlarged. By Grorce WeELTDEN Grsner, Consulting 
Chemist and Engineer. Illustrated. 8vo. . . 83 oe 
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(fOTHIC ALBUM FOR CABINET MAKERS: : 
Comprising a Collection of Designs for Gothic Furniture. I)- 
lustrated by twenty-three large and beautifully engraved 


plates. Oblong ; ‘ : . ‘ ' - $3 00 
1RANT.—BEET-ROOT SUGAR AND CULTIVATION OF THE 
BEET: 


By E. B. Grant. 12mo. ‘ ; i . « pl 25 


eee eT HEMATICS FOR PRACTICAL MEN: 
Adapted to the Pursuits of Surveyors, Architects, Mechanics, 
and Civil Engineers. By Oxintuus Grecory. 8vo., plates, 
cloth : ‘ : * . ‘ ‘ : . $3 00 


RISWOLD:—RAILROAD ENGINEER'S POCKET COMPANION. 
Comprising Rules for Calculating Deflection Distances and 
Angles, Tangential Distances and Angles, and all Necessary 
Tables for Engineers; also the art of Levelling from Prelimi- 
nary Survey to the Construction of Railroads, intended Ex- 
pressly for the Young Engineer, together with Numerous Valu- 
able Rules and Examples. By W. Griswotp. 12mo., tucks. 
$1 75 

YETTIER.—METALLIC ALLOYS : 
Being a Practical Guide to their Chemical and Physical Pro- 
perties, their Preparation, Composition, and Uses. Translated 
from the French of A. Gurtrizr, Engineer and Director of 
Founderies, author of ‘‘ La Fouderie en France,” etc. ete. By 
_ A. A. Fesqurtr, Chemist and Engineer. In one volume, i2mo. 
Ga $3 09 


ATS AND FELTING: 
A Practical Treatise on their Manufacture. By a Practical 
Hatter. Illustrated by Drawings of Machinery, &c., 8vo. 


; iF 

AY.—THE INTERIOR DECORATOR: ee 
The Laws of Harmonious Coloring adapted to Interior Decora- 
tions: with a Practical Treatise on House-Painting. By D. 
R. Hay, House-Painter and Decorator. Illustrated by a Dia- 
gram of the Primary, Secondary, and Tertiary Colors. 12mo. 
$2 25 

UGHES.—AMERICAN MILLER AND MILLWRIGHT’S AS- 


SISTANT: 
By Wm. Carter Hucnes. A new edition. In one volume, 


ono... . . ' ‘ . : . $1 50 
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NT.—THE PRACTICE OF PHOTOGRAPHY. 


By Rosert Hunt, Vice-President of the Photographic Society, 
’ London. With numerous illustrations. 12mo., cloth . 75 


HUsst.—A HAND-BOOK FOR ARCHITECTURAL SURVEYORS: 


Comprising Formule useful in Designing Builders’ work, Table 
of Weights, of the materials used in Building, Memoranda 
connected with Builders’ work, Mensuration, the Practice of 
Builders’ Measurement, Contracts of Labor, Valuation of Pro-_ 
perty, Summary of the Practice in Dilapidation, etc. ete. By 
J. F. Hurst, C. E. 2d edition, pocket-book form, full bound 
$2 50 


jPBVIS.—RAILWAY PROPERTY: 


A Treatise on the Construction and Management of Railways; 
designed to afford useful knowledge, in the popular style, to the 
holders of this class of property; as well as Railway Mana- 
gers, Officers, and Agents. By Jonn B. Jervis, late Chief 
Engineer of the Hudson River Railroad, Croton Aqueduct, &c. 
Oxe vol. 12mo., cloth . é b : . $2 00: 


OHNSON.—A REPORT TO THE NAVY DEPARTMENT OF THE 
UNITED STATES ON AMERICAN COALS: 
Applicable to Steam Navigation and to other purposes. By 


WatrterR R. Jonnson. With numerous illustrations. 607 pp. 
8vo., . $10 00 


OHNSTON.—INSTRUCTIONS FOR THE ANALYSIS OF SOILS, 
LIMESTONES, AND MANURES. 


By J. W. F. Jounston. 12mo. : ; . 35 


ENE.—A HAND-BOOK OF PRACTICAL GAUGING, 
For the Use of Beginners, to which is added a Chapter on Dis- 
tillation, describing the process in operation at the Custom 


House for ascertaining the strength of wines. By Jamzs B.- 
Krenz, of H. M. Customs, 8vo. .- . - $i 25 
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ENTISH.—A TREATISE ON A BOX OF INSTRUMENTS, 


And the Slide Rule; with the Theory of Trigonometry and Lo- 
garithms, including Practical Geometry, Surveying, Measur- 
ing of Timber, Cask and Malt Gauging, Heights, and Distances. 
By Tuomas Kenrisu. In one volume. 12mo.. . $1 25 


OBELL.—ERNI.—MINERALOGY SIMPLIFIED: 


_A short method of Determining and Classifying Minerals, by 
means of simple Chemical Experiments in the Wet Way. 
Translated from the last German Edition of F. Von Kosett, 

- with an Introduction to Blowpipe Analysis and other addi- 
tions. By Henri Erni, M. D., Chief Chemist, Department of 

Agriculture, author of ‘Coal Oil and Petroleum.” In one 
volume. 12mo. : : ‘ ‘ : $2 50 


cpt TREATISE ON STEEL: 


Comprising its Theory, Metallurgy, Properties, Practical Work- 
ing, and Use. By M. H. C. Lanprin, Jr., Civil Engineer. 
Translated from the French, with Notes, by A. A. Frsquet, 
Chemist and Engineer. With an Appendix on the Bessemer 
and the Martin Processes for Manufacturing Steel, from the 
Report of Apram S. Hewirt, United States Commissioner to 
the Universal Exposition, Paris, 1867. 12mo. . - $38 00 


ARKIN.—THE PRACTICAL BRASS AND IRON FOUNDER’S 
GUIDE. 
A Concise Treatise on Brass Founding, Moulding, the Metals 
and their Alloys, etc.; to which are added Recent Improve- 
ments in the Manufacture of Iron, Steel by the Bessemer Pro- 
cess, ete. etc. By Jamus Larxry, late Conductor of the Brass 
Foundry Department in Reany, Neafie & Co.’s Penn Works, 
Philadelphia. Fifth edition, revised, with extensive Addi- 
tions. In one volume. 12mo. . : : a.) ee 20 
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EAVITT.—FACTS ABOUT PEAT AS AN ARTICLE OF FUEL: 
With Remarks upon its Origin and Composition, the Localities 
in which it is found, the Methods of Preparation and Manu 
facture, and the various Uses to which it is applicable; toge: 
ther with many other matters of Practical and Scientific Inte~ 
rest. ‘To which is added a chapter on the Utilization of Coal 
Dust with Peat for the Production of an Excellent Fuel at 
Moderate Cost, especially adapted for Steam Service. By H. 
T. Leavitt. Third edition. 12mo. ; : . el 1 

EROUX.—A PRACTICAL TREATISE ON THE MANUFAC- 
TURE OF WORSTEDS AND CARDED YARNS: 

Translated from the French of CoaArtes Leroux, Meckanicat 
Engineer, and Superintendent of a Spinning Mill. By Dr H. 


Paine, and A. A. Fesquer. Illustrated by 12 large plates. In ” 


one volume 8vo. : ; . ° ‘ . ‘: - $5 00 
[SUE (MISS).—COMPLETE COOKERY: 
Directions for Cookery in its Various Branches. By Miss 
Lesiiz. 60th edition. Thoroughly revised, with the addi- 
tion of New Receipts. In1 vol. 12mo., cloth . - $1 50 
[Stz (MISS). LADIES’ HOUSE BOOK: 
a Manual of Domestic Economy. 20th revised edition. 12mo., 


cloth : ; : : : ‘ ‘ +. eF ZS 
[t= (MISS).—-TWO HUNDRED RECEIPTS IN FRENCH 

COOKERY. 

12mo. i ‘ 50 


LEBER. ASSAYER’S GUIDE: 
Or, Practical Directions to Assayers, Miners, and Smelters, for 
the Tests and Assays, by Heat and by Wet Processes, for the 
Ores of all the principal Metals, of Gold and Silver Coins and 
Alloys, and of Coal, ete. By Oscar M. Lieser. 12mo., cloth 

$1 25 

[,°OVE:— THE ART OF DYEING, CLEANING, SCOURING, AND 

FINISHING : 
On the most approved English and French methods; being 
Practical Instructions in Dyeing Silks, Woollens, and Cottons, 
Feathers, Chips, Straw, etc.; Scouring and Cleaning Bed and 
Window Curtains, Carpets, Rugs, etc.; French and English 
Cleaning, ete. By Tuomas Lovs. Second American Edition, to 
which are added General Instructions for the Use of Aniline 
Colors. 8yo. . ; , ; : ; : : - 5 00 
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1, Cosmet AND BROWN.-—QUESTIONS ON SUBJECTS CONNECTED 
WITH THE MARINE STEAM-ENGINE: 
And Examination Papers; with Hints for their Solution. By 
Tuomas J. Main, Professor of Mathematics, Royal Naval College, 
and Tuomas Brown, Chief Engineer, R.N. 12mo., cloth $1 50 


Ce AND BROWN .—THE INDICATOR AND DYNAMOMETER: 
With their Practical Applications to the Steam-Engine. By 
THomas J. Main, M.A.F.R., Ass't Prof. Royal Naval College, 
Portsmouth, and Tuomas Brown, Assoc. Inst. C. E., Chief En- 
gineer, R. N., attached to the R. N. College. Illustrated. From 
the Fourth London Edition. 8vo. . 3 : - SL bG 


AIN AND BROWN —THE MARINE STEAM-ENGINE. 

By Tuomas J. Main, F.R. Ass’t 8. Mathematical Professor at 
Royal Naval College, and Tuomas Brown, Assoc. Inst. C. E. 
Chief Engineer, R. N. Attached to the Royal Naval College. 
Authors of ‘‘ Questions Connected with the Marine Steam-En- 
gine,’’ and the ‘‘ Indicator and Dynamometer.’’ With numerous 
Iilustrations. Im one volume 8vo. . ; ; : . $5 00 


ARTIN.—SCREW-CUTTING TABLES, FOR THE USE OF ME- 
CHANICAL ENGINEERS: 

Showing the Proper Arrangement of Wheels for Cutting the 
Threads of Screws of any required Pitch; with a Table for 
Making the Universal Gas-Pipe Thread and Taps. By W. A. 
Martin, Engineer. &vo. . ; 50 


ILES—A PLAIN TREATISE ON HORSE-SHOEING, 
With Illustrations. By Wiiu14m Miuszs, author of ‘‘ The Horse’s 
Foot’’ 


eee OnH..-POCKET- BOOK OF USEFUL FORMULE AND 
MEMORANDA FOR CIVIL AND MECHANICAL ENGINEERS, 
By Guitrorp L. Moxteswortn, Member of the Institution of 
Civil Engineers, Chief Resident Engineer of the Ceylon Railway. 
Second American from the Tenth London Edition. In one 
volume, full bound in pocket-book form . : A ~ 2.00 
OORE.—_THE INVENTOR’S GUIDE: 
Patent Office and Patent Laws: or, a Guide to Inventors, and a 
Book of Reference for Judges, Lawyers, Magistrates, and others. 
By J G. Moors. 12mo., cloth . : . : . $1 2a 
APIER.—A MANUAL OF ELECTRO-METALLURGY: 
Including the Application of the Art to Manufacturing Processes. 
By James NAPIER. Fourth American, from the Fourth London 
edition, revised and enlarged. Illustrated by engravings. In 
one volume, 8vo. : . ee ‘ : . ~ 82 00 
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APIER.—A SYSTEM OF CHEMISTRY APPLIED TO DYEING: 
By Jamus Napier, F.C. 8. A New and Thoroughly Revised 
Edition, completely brought up to the present state of the 
Science, including the Chemistry of Coal Tar Colors. By A. A. 
Frsquer, Chemist and Engineer. With an Appendix on Dyeing 
and Calico Printing, as shown at the Paris Universal Exposition 
of 1867, from the Reports of the International Jury, ete. Ilus- 
trated. In one volume 8vo., 400 pages . ‘ i - $5 00 


EWBERY.—GLEANINGS FROM ORNAMENTAL ART OF 
EVERY STYLE; 
Drawn from Examples in the British, South Kensington, Indian, 
Crystal Palace, and other Museums, the Exhibitions of 1851 and 
1862, and the best English and Foreign works. Ina series of one 
hundred exquisitely drawn Plates, containing many hundred ex- 
amples. By Ropert Newpery. 4to. . i : - $15 00 


NicHoLson —A MANUAL OF THE ART OF BOOK-BINDING: 
Containing full instructions in the different Branches of Forward- 
ing, Gilding, and Finishing. Also, the Art of Marbling Book- 
edges and Paper. By Jamxs B. Nicnouson. Illustrated. 12mo. 
cloth i aot ; : - $2 25 


NORBIS.—A HAND-BOOK FOR LOCOMOTIVE ENGINEERS AND 
MACHINISTS: 
Comprising the Proportions and Calculations for Constructing 
Locomotives; Manner of- Setting Valves; Tables of Squares, 
Cubes, Areas, etc. etc. By Septimus Norris, Civil and Me- 
chanical Engineer. New edition. Illustrated, 12mo., cloth 
$2 00 


/ YSTROM. — ON TECHNOLOGICAL EDUCATION AND THE 
CONSTRUCTION OF SHIPS AND SCREW PROPELLERS: 
For Naval and Marine Engineers. By Joun W. Nystrom, late 
Acting Chief Engineer U. 8S. N. Second edition, revised with 
additional matter. Illustrated by seven.engravings. 12mo. 

$2 50 


() NEILL.—A DICTIONARY OF DYEING AND CALICO PRINT- 
ING: 
Containing a brief account of all the Substances and Processes in 
use in the Art of Dyeing and Printing Textile Fabrics: with Prac- 
tical Receipts and Scientific Information. By CHaruEs O’ NEILL, 
Analytical Chemist ; Fellow of the Chemical Society of London; 
Member of the Literary and Philosophical Society of Manchester ; 
Author of ‘‘Chemistry of Calico Printing and Dyeing.’’? To which 
is added An Essay on Coal Tar Colors and their Application to 
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Dyeing and Calico Printing, By A. A. Frsquet, Chemist and 
Engineer. With an Appendix on Dyeing and Calico Printing, as 
shown at the Exposition of 1867, from the Reports of the Interna. 
tional Jury, ete. In one volume 8vo., 491 pages. - $6 00 


ee TEE METALLURGY OF IRON AND STEEL: 
Theoretical and Practical: In all its Branches; With Special Re- 
ference to American Materials and Processes. By H. S. Oszorn, 
LL. D., Professor of Mining and Metallurgy in Lafayette College, 
Easton, Pa. Illustrated by 230 Engravings on Wood, and 6 
Folding Plates. 8vo., 972 pages. ; : ; - $10 00 
SBORN.—AMERICAN MINES AND MINING : : 
Thevretically and Practically Considered. By Prof. H. S. Os- 
BORN, Illustrated by numerousergravings. 8vo. (In prepuration.) 


Preset, GILDER, AND VARNISHER’S COMPANION: 
Containing Rules and Regulations in everything relating to the 
Arts of Painting, Gilding, Varnishing, and Glass Staining, with 
numerous useful and valuable Receipts; Tests for the Detection 
of Adulterations in Oils and Colors, and a statement of the Dis- 
eases and Accidents to which Painters, Gilders, and Varnishers 
are particularly liable, with the simplest methods of Prevention 
and Remedy. With Directions for Graining, Marbling, Sign Writ- 
ing, and Gilding on Glass. To which are added CompLerE Instruc- 
TIONS FOR CoAcH PAINTING AND VARNISHING. 12mo., cloth, $1 50 


qoeenrt. —THE MILLER’S, MILLWRIGHT’S, AND ENGI- 
NEER’S GUIDE. 
By Henry Pauxterr. I[llustrated. In one vol. 12mo. . $3 00 

ERKINS.—GAS AND VENTILATION. 

Practical Treatise on Gas and Ventilation. With Special Relation 
to Illuminating, Heating, and Cooking by Gas. Including Scien- 
tific Helps to Engineer-students and others. With illustrated 
Diagrams. By E. EH. Perkins. 12mo., cloth . ; bk oe 


ERKINS AND STOWE.—A NEW GUIDE TO THE SHEET-IRON 
AND BOILER PLATE ROLLER: 
Containing a Series of Tables showing the Weight of Slabs and 
Piles to Produce Boiler Plates, and of the Weight of Piles and the 
Sizes of Bars to Produce Sheet-iron; the Thickness of the Bar 
Gauge in Decimals; the Weight per foot, and the Thickness on 
the Bar or Wire Gauge of the fractional parts of an inch; the 
Weight per sheet, and the Thickness on the Wire Gauge of Sheet- 
iron of various dimensions to weigh 112 Ibs. per bundle; and the 
conversion of Short Weight into Long Weight, and Long Weight 
into Short. Estimated and collected by G. H. Perxrns and J. G- 
STOWE : ; ‘ : , A : : . $250 
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poets AND DARLINGTON.— RECORDS OF MINING AND 
METALLURGY: 
Or, Facts and Memoranda for the use of the Mine Agent and 
Smelter. By J. Anruur Puiiuips, Mining Engineer, Graduate of 
the Imperial School of Mines, France, etc., and JonNn DARLINGTON. 
Illustrated by numerous engravings. In one vol. 12mo. . $2 00 


E Lngccacue MALEPEYRE, AND DUSSAUCE.—A COMPLETE 
TREATISE ON PERFUMERY: 

Containing notices of the Raw Material used in the Art, and the 

Best Formula. According to the most approved Methods followed 

in France, England, and the United States. By M. P. PrapAt, 

Perfumer-Chemist, and M. F. Mauepeyre. Translated from the 

French, with extensive additions, by Prof. H. Dussauce. Svo. $10 


ROTEAUX.—PRACTICAL GUIDE FOR THE MANUFACTURE 
OF PAPER AND BOARDS. 
By A. Proreavx, Civil Engineer, and Graduate of the School of 
Arts and Manufactures, Director of Thiers’s Paper Mill, ’Puy-de- 
Déomé. With additions, by L. S. Lz Normanp. Translated from 
the French, with Notes, by Horario Parnz, A. B., M.D. To 
which is added a Chapter on the Manufacture of Paper from Wood 
in the United States, by Henry T. Browy, of the ‘‘ American 
Artisan.’’ Illustrated by six plates, containing Drawings of Raw 
Materials, Machinery, Plans of Paper-Mills, etc. etc. 8vo. $5 00 

EGNAULT.—ELEMENTS OF CHEMISTRY. 
By M. V. Reexavur. Translated from the French by T. For- 
rest Benton, M.JU., and edited, with notes, by JAmes C. Booru, 
Melter and Refiner U. S. Mint, and Wm. L. Fassr, Metallurgist 
and Mining Engineer. Illustrated by neariy 700 wood engravings. 
Comprising nearly 1500 pages. In two vols. 8vo., cloth $10 00 


EID.—A PRACTICAL TREATISE ON THE MANUFACIURE OF 
PORTLAND CEMENT: 
By Henry Rei, C. E. To which is added a Translation of M. 
A. Lipowitz’s Work, describing anew method adopted in Germany 
of Manufacturing that Cement. _By W. F. Rerp. Illustrated by 
plates and wood engravings. 8vo. . ‘ ; . Ste 


RIFFAULT, VERGNAUD, AND TOUSSAINI.—A PRACTICAL 
TREATISE ON THE MANUFACTURE OF COLORS FOR 
PAINTING: 
Containing the best Formule and the Processes the Newest and 
in most General Use. By MM. Rirravyt, VERGNAUD, and Tous- 
SAINT. Revised and Edited by M. F. MALEPEyRE and Dr. Emtt, 
Winckuer. Illustrated by Engravings. In one vol. 8vo. (Jy 


preparation.) 


Ss 
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REFAULT, VERGNAUD, AND TOUSSAINT.—A PRACTICAL 
TREATISE ON THE MANUFACTURE OF VARNISHES: 

By MM. Rirrautt, Verenavup, and Toussaint. Revised and 
Edited by M. F. Marerryre and Dr. Emit WinckuEr. Iilus- 
trated. In one vol. 8vo. (Jn preparation.) 


QHUNK.—A PRACTICAL TREATISE ON RAILWAY CURVES 
AND LOCATION, FOR YOUNG ENGINEERS. 
By Wm. F. Suunx, Civil Engineer. 12mo., tucks . - $2 00 


QMEATON.—BUILDER’S POCKET COMPANION: 
Containing the Elements of Building, Surveying, and Architee. 
ture ; with Practical Rules and Instructions connected with the suh- 
ject. By A. C. Smeaton, Civil Engineer, ete. In one volume, 
12mo. ; : ‘ ‘ : ; : ; 4 we Ba OO 


MITH.—THE DYER’S INSTRUCTOR: 
Comprising Practical Instructions in the Art of Dyeing Silk, Cot- 
ton, Wool, and Worsted, and Woollen Goods: containing nearly 
800 Receipts. To which is added a Treatise on the Art of Pad- 
ding ; and the Printing of Silk Warps, Skeins, and Handkerchiefs, 
and the various Mordants and Colors for the different styles of 
such work. By Davip Smiru, Pattern Dyer, 12mo., cloth 
$3 00 
MITH.—THE PRACTICAL DYER’S GUIDE: 
Comprising Practical Instructions in the Dyeing of Shot Cobourgs, 
Silk Striped Orleans, Colored Orleans from Black Warps, ditto 
from White Warps, Colored Cobourgs from White Warps, Merinos, 
Yarns, Woollen Cloths, etc. Containing nearly 300 Receipts, to 
most of which a Dyed Pattern is annexed. Also, a Treatise on 
the Art of Padding. By Davin Smitu. In one vol. 8vo. $25 00 


HAW.—CIVIL ARCHITECTURE: 

Being a Complete Theoretical and Practical System of Building, 
containing the Fundamental Principles of the Art. By Epwarp 
Suaw, Architect. To which is added a Treatise on Gothie Archi- 
tecture, &c. By Tuomas W. SinLtowAy and Grorer M. Iarp- 
ine, Architects. The whole illustrated by 102 quarto plates finely 
engraved on copper. Eleventh Edition. 4to. Cloth. $10 00 


LOAN.—AMERICAN HOUSES: 
A variety of Original Designs for Rural Buildings. Illustrated by 


26 coiored Engravings, with Descriptive References. By Samvxr, 
Sxioan, Architect, author of the ‘‘ Model Architect,”’ etc. etc. 8vo. 


$2 50 
CHINZ.—RESEARCHES ON THE ACTION OF THE BLAST. 


FURNACE. 
By Cuas. Scuinz. Seven plates. 12mo. ‘ . $4 25 
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MITH.—PARKS AND PLEASURE GROUNDS: : 
Or, Practical Notes on Country Residences, Villas, Public Parks, 
and Gardens. By Cuarues H. J. Suirn, Landscape Gardener 
and Garden Architect, etc. etc. 12mo. . P ‘ . $2 me 


TOKES.—CABINET-MAKER’S AND UPHOLSTERER’S COMPA- 

NION: 
Comprising the Rudiments and Principles of Cabinet-making and 
Upholstery, with Familiar Instructions, Illustrated by Examples 
for attaining a Proficiency in the Art of Drawing, as applicable 
to Cabinet-work; The Processes of Veneering, Inlaying, and 
Buhl-work ; the Art of Dyeing and Staining Wood, Bone, Tortoise 
Shell, ete. Directions for Lackering, Japanning, and Varnishing; 
to make French Polish; to prepare the Best Glues, Cements, and 
Compositions, and anumber of Receipts, particularly for workmen 
generally. By J. Sroxes. In one vol. 12mo.. With illustrations 
$1 25 


TRENGTH AND OTHER PROPERTIES OF METALS. 
Reports of Experiments on the Strength and other Properties of 
Metals for Cannon. With a Description of the Machines for Test- 
ing Metals, and of the Classification of Cannon in service. By 
Officers of the Ordnance Department U.S. Army. By authority 
of the Secretary of War. Illustrated by 25 large steel plates. In 
1vol. quarto . ; . . : . ° - $10 00 


SVIAVAN PROTOS IES TO NATIVE INDUSTRY. 
By Sir Epwarp Suuxivan, Baronet. (1870.) 8vo. - $1 50 


d ssevtsgg SHOWING THE WEIGHT OF ROUND, SQUARE, AND 
FLAT BAR IRON, STEEL, ETC, 
By Measurement. Cloth . ‘ . . ; ‘ 63 


| iood esnbonaiet caste ote athe OF COAL: 
Including Mineral Bituminous Substances employed in Arts and 
Manufactures ; with their Geographical, Geological, and Commer- 
cial Distribution and amount of Production and Consumption on 
the American Continent. With Incidental Statistics of the Iron 
Manufacture. By R.C. Taytor. Second edition, revised by S. 


©. HatpemAN. Illustrated by five Maps and many wood engray- 


ings. 8vo., cloth . : : ; : : . . $6 00 


fe MPLETON.—THE PRACTICAL EXAMINATOR ON STEAM 
AND THE STEAM-ENGINE: 
With Instructive References relative thereto, for the Use of Engi- 
neers, Students, and others. By Wm. TEMPLETON, Engineer. 12mo. 


$1 25 
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HOMAS.—THE MODERN PRACTICE OF PHOTOGRAPHY. 

By R. W. Tuomas, F.C.S. 8vo., cloth . ‘ : ° 75 
HOMSON.—FREIGHT CHARGES CALCULATOR. 

By Anprew Tuomson, Freight Agent . : : 1 et 2S 


MURNING: SPECIMENS OF FANCY TURNING EXECUTED ON 
THE HAND OR FOOT LATHE: 
With Geometric, Oval, and Eccentric Chucks, and Elliptical Cut- 
ting Frame. By an Amateur. Illustrated by 30 exquisite Pho- 
_tographs. 4to. .. : : . : : $3 00 


URNER’S (THE) COMPANION: 
Containing Instructions in Concentric, Elliptic, and Eccentrie 
Turning; also various Plates of Chucks, Tools, and Instru- 
ments; and Directions for using the Eccentric Cutter, Drill, 
Vertical Cutter, and Circular Rest; with Patterns and Instruc- 
tions for working them. A new edition in 1 vol. 12mo. $1 50 


RBIN—BRULL.—A PRACTICAL GUIDE FOR PUDDLING 

IRON AND STEEL. 
By Ep. Ursin, Engineer of Arts and Manufactures. A Prize 
Essay read before the Association of Engineers, Graduate of the 
School of Mines, of Liege, Belgium, at the Meeting of 1865-6. 
To which is added a Comparison oF THE RESISTING PROPERTIES 
oF Iron AND Steen. By A. Bruni. Translated from the French 
by A. A. Fesquet, Chemist and Engineer. In one volume, 8vo. 
$1 00 


OGDES.—_THE ARCHITECT’S AND BUILDER’S POCKE1 COM- 
PANION AND PRICE BOOK. 
By F. W. Voeves, Architect. Mlustrated. Full bound in pocket- 
book form. : : : ; é “ ; ; 82°00 
In book form, 18mo., muslin . : * ‘ <a Bo 


ARN.—THE SHEET METAL WORKER’S INSTRUCTOR, FOR 
ZINC, SHEET-IRON, COPPER AND TIN PLATE WORK- 


ERS, &c. 
By Revsen Henry Warn, Practical Tin Plate Worker. I lus- 
trated by 32 plates and 37 wood engravings. 8vo. . «ee LO 


ATSON.—A MANUAL OF THE HAND-LATHE.» 

By Easert P. Warson, Late of the ‘‘ Scientific American,” Au- 
thor of ‘‘ Modern Practice of American Machinists and Engi- 
neers,’’ In one volume, 12mo. . ‘ : ‘ eo BL OS 
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ATSON.—THE MODERN PRACTICE OF AMERICAN MA- 
CHINISTS AND ENGINEERS: 

Including the Construction, Application, and Use of Drills, Lathe 
Tools, Cutters for Boring Cylinders, and Hollow Work Generally, 
with the most Economical Speed of the same, the Results verified 
by Actual Practice at the Lathe, the Vice, and on the Floor. 
Together with Workshop management, Economy of Manufacture, 
the Steam-Engine, Boilers, Gears, Belting, ete. ete. By Eqpurt 
P. Warson, late of the ‘‘ Scientific American.’’ Illustrated by 
eighty-six engravings. 12mo. : P : F - $2 50 
ATSON.—THE THEORY AND PRACTICE OF THE ART OF 
WEAVING BY HAND AND POWER: 

With Calculations and Tables for the use of those connected with 
the Trade. By Jonn Watson, Manufacturer and Practical Machine 
Maker. Illustrated by large drawings of the best Power-Looms. 
8vo. . ‘ : . p . : : - $10 00 


EATHERLY.—TREATISE ON .THE ARTI OF BOILING SvU- 
GAR, CRYSTALLIZING, LOZENGE-MAKING, COMFITS, 
GUM GOODS, 

And other processes for Confectionery, &. In which are ex- 
plained, in an easy and familiar manner, the various Methods 
of Manufacturing every description of Raw and Refined Sugar 
Goods, as sold by Confectioners and others ; : - $2 00 


ILL.—_TABLES FOR QUALITATIVE CHEMICAL ANALYSIS. 
By Prof. Heiyrion Witt, of Giessen, Germany. Seventh edi- 
tion. Translated by Cuartes F. Himes, Ph. D., Professor of 
Natural Science, Dickinson College, Carlisle, Pa. . ~ $1 25 


PV LLLIAMs.—ON HEAT AND STEAM: 
Embracing New Views of Vaporization, Condensation, and Expan- 
sion. By CHARLES WryE Wiuui4ms, A. I.C.E. Illustrated. 8vo. 
$3 50 


PV OBSsAM.—on MECHANICAL SAWS: : 
From the Transactions of the Society of Engineers, 1867. By 

S. W. Worssam, Jr. Illustrated by 18 large folding plates. 8vo. 

$5 00 


VW OHLER.—A HAND-BOOK OF MINERAL ANALYSIS. 
By F. Wouter. Edited by H..B..Nason, Professor of Chemistry, 
Rensselaer Institute, Troy, N.Y. With numerous Illustrations. 
Imo. gl ok gat es hae Oh, tc 
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